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(57)Abstract 

PROBLEM TO BE SOLVED: To enhance the operating 
speed of a device operated according to a clock whose 
duty ratio is set constant 

SOLUTION: A maximum variable delay of a 1st variable 
delay circuit 11 is set to be in excess of a period an input 
clock IN and less than twice the period. The delay quantity 
of 1st and 2nd variable delay circuits 11, 12 is decreased 
with a control signal Vin, and a ratio of the delay of the 
2nd variable delay circuit 12 to a delay of the 1st variable 
delay circuit 1 1 is constant to be less than the unity. A 
control section 13 increases/decreases the control signal 
Vin so that a phase of the input clock IN is coincident with 
a phase of an output clock OUT-A. Since the output clock 
OUT is set by the output clock OUT-A and reset by an 
output clock OUT-B, the output clock OUT is a clock 
signal whose phase is identical to the phase of the input 
clock IN and whose duty ratio is constant 
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&&mm^ 1 c P 1 iim^2 1 1 /«K»-r*«aL 

^UT. I c p 2f*WBB2 1 2*<mftT«a£rcft 

So 

[ 0 0 0 9 ] m 5 2 hu «sK9i2 1 1 ®*hft*?*T[sitt 

BTfcSoH5 2Cfel>Ts 22 1liPM0SK7>> 
X^, ^LT, 2 2 2I±PM0 S h7>yx* 2 2 1 

[ 0 0 1 0 ] m 5 3 (i N 826382 1 2 ©«j££^i*-[h1S§ 
iTfe-5o H5 3iZ^X. 2 2 3liNMOS h7>v 
X*. ^UT. 2 2 4l±NMOS h7>>^2 2 313 
y H 77iE^t^/H 7XSTfe^ 0 /W 7**31 
2 2 2 , 2 2 4tJ:5^W7XtBE©ttlSliN «»I c 
pi, I c p 2 A<StM:§U < J: 9 Cfffc^So 

[001 1] E051 IZMiT. 7v7ffU P**<T^ 

^-r ^-cfcSfcSKiix PM0Sh7>s;x^2i 3*< 
*>u S36«2 1 1 tfttta-rswfci c P 1 ^u-^* 

5o y«»OTDWN*tf7*T-f7T*«l:* 
fCli, NMOS h^>5>-*£ 2 1 4tf*>*U «3tSH2 
1 2ftC0tttr««9KI c P 2l:J;oT N gl^2 1 6 

[0 0 1 2] ffcfc^x T*-istf>zrm&2 0 3(i N 
11,21 2T?Kfc££*ta«»I cpl, I c 
p24, 7v7m*U P*feJ:l/y^>gfDWN^7 

K:«*>3fflBtfF2 1 6i:,J;oTiS^o 
[0 0 13] H5 41*. RrSBB2[s)tt2 0 1 Of&fcEA] 
0)fl|J5RWft^*riHlKBaTfe*o I2 5 4ICfcUT\ 2 3 2 
fiffitnJR^x 2 3 3, 2 3 5, 2 4 3l±NM0Sh7> 
vX^s 2 3 4, 2 3 6, 2 44liPM0Sh7>v7 
* N ^Lts 2 4 5«>f >A-*-Cfc3 0 tKtt&«£*i 
fc-f >M-* 2 4 50«Jgl:A*^n«v^CLA<A*^ 
*u «*«^&iB**a«y^OUT_D/><a5*d*t*o 



A**a**CLtt. -f>/t->2 4 5*1Sfoffl» 
-TSfctflZ* iBittiaiMHI**tTij>< 0 
[0 0 14] ^LT, *W«#VclzJ:oT«ia*^2 
3 2*aUi«CSIAVBId4i. £©«»a>*SS*<x P 
M0Sh7>vX^2 34, 2 3 6, fcJ:i/NMOSh 
7>y7^2 3 5, 2 4 3 "C^tv^ttS^^^* U> 
^7-@Bl:J:^T N MOSh7>vX^24 3, 2 

Sh7>v7^24 3 ) 2 4 4li N -<>vt-*2 4 5a> 
WSWfcLTHtflBTSo 
[0 0 1 5] TJfcb** SOTft^V cfdcfcoT. > 

245 (DWHsat^nn^n^o mmm^v c© 
2 4 5 \zm&£ti2>n%Lt><&i\&z:, 4 >n-$ 

2 4 5*«r«£ny*0>rattniltt&<&«o "Tft 
to"fex »J»«-g-Vc©«EA<*tMaifx At^Q^C 

1 Ktt-r s ^o^ou t d om^mzte < & 

So 

[0016] 04 7iii^t, ^'^A^esa 

i;TA***ifcA*^Dv^CLItx 
ii**LTUJ**D^^OUT_Di:UTa*i*4x*o 3 

[0 0 17] *d**Ktt4tt* «#Kfcl\Tx ^n*y 

^v**n-^FBi:LT}S^±l«^ DLL811 
©fiMBJ±«S2 0 2^h7>f - KAv*£;hSo 
[0 0 1 8] 7-f - K/ty^^ny ^ F B(DteffltfA?D 

^□^c l ©(ft««k 0 t s msoMa 202 
iiv A**Dv*cL©i*ifflcrtf3tt«sit«a-r* 

DTs ^^-^>^ThISS2 0 3I* N aE©«a/^«y h 
^-77^W2 0 4^^to ^<Z>$SJilx 

7* ^2 0 4t><mt>-tz>%mm^vci*.±9f.Tz 0 r 

□ ^FB OtttlliATD >ny*CL ©{ftffl KUfifif 

So 

[0 0 1 9] agfd N hVt«y**d«y*F BOffiffl 

2 0 2 (ix A7D ^□ , v^CL©1 4: Ictftfi^fc+B 

ar4WBBttofeoTy^>«-*DWN*ftai*-r*o 

^hfCJG&LSTx ft-v*>7THli82 0 3liAO)B3£/t 
>r*j/ hH-77^M2 0 4^0Mo ^©tt»x 
^-77-f^ 2 0 4 3VUl*"r«««l-9V c(iT(^T 
So TSiis *5j^il^[s]K2 0 1 Ttex 3l5iS*<it*P 
Us a*^ny^OUT_D©fflffl3b<JBtL. 

ifi-rso 



(7) 'M^R?9-3 2 16 14 



[0 0 2 0] 7>f-K^y^^D«^FBOfiiffl^ 
^o^CLOfiffiK-S-r^k. fifflMS2 0 2 

A*^a^^CL(7>1^^l^Tt>^o LfrUfttf 
[002 1 ] 

[^^;*L<t^h-r^lSM] J^±(D<J:5|-. DLL 

filtf ^<D£ £ £ a y £IBI£4 ^^7. £;h£ 0 
[00 2 2] hC5T^ ^□•y*iB«4*iai:T^Dv 

*©#»e*si****ftSBBS»a>MT?* *d^©i 

j.-^Jtl£5 0%^&azk*><*?£Li* o C*Utf*» 

k N R AMftir©7^D7D»y^ (0Sx(£x RAM, F 
IFCK ALU^, M-K»>Jc7 7 a«*<«aiC**< 

[0 0 2 3] »ov^a>A«±tfO^&BRttdn^9lli: 
B* R37!»* k «*f *Ui J: t > 3 h IC * £ 0 

[0024] mmtommmtm b-c&tut N ssa^*© 

«nfef@UEI*0 a 1 " ('W U^U) TTfc 

BKlis ^av^©^—^ -fit ft 5 0%lZ&&T2>m 

[0025] *b»»^4:k:* tuvttfm" 1" t& 
«nma>mihs « M o" T6&nn® 
awfcftsaiUT. wswizzti&iMHzjEtt***© 

c^i-^-r its o%©* <?&um-t % zt-c. t 



©*f ^©ffi K * k S IzBlCXattflF jb<Rj& k *c § J: 5 
«*ft »fttB2>-ff IE * -C**(Bl3Ki6 ft Rjfig k 

ft£o 

[0 0 2 6] *Btt»rfcK:tfttt©*fc**a.y 
*ftifc5fcf S8SB* JBfflHR0)*ftS*n*y$ 

ay^flMftj»»|*. tt*fcfet\T*06i*iXUft^ofeo 
[0 0 2 7] d<D«Bfl(i. ft*©f£aiCifcM*£±lBL£ 

raiBAS«:J»>H-r*fetotftd*i.feta)T % *oy*a>(ft 
ig©r *t* ««t * wis t 1 1 * . 

[0 0 2 8] 

D«y*ku-cm*-r*aBBWfKRBicast^Ts buiba* 
jig* t -D-cmszmt-rm 1 Dy^t ltumj 

ft«jL2fl»5l^lzlttd*iTU«fli1 qnEiHHB 
fc. «rEA**ny^*fcC±»EJIS1iBi*av*a)U 

nl^51Si0K(Dil5ia^WLX 1 *38©-SJ±**fS* 
o^{bT£^Sft*c>T^;*-£T N i?§2iM3I£o 
v^kLTUA a r«llt2BrBjlBBnk. tfFlEA**o 
v^k«rEJB1iBi*av^k(Dtt[«*Jt«lUT. ^O 

k. «IB»2^KJlHH»C0AA«kaj*«l3. tyh 

IBtfc^ * □ y * k UTai^-T ^ SR7Uy77Qyr 
kv ^ix, MIBtmaiix «HBJ(S1iHi^av^a)fi: 

iBMaWK5l>t"**ftr3ll(lE1W^**B<b**H ttE 

[00 2 9] ^2 OfSBJ3©aiai±. * 1 0>SMHa>a»BB 
IB* 1 a!3i£ a *v 5 kOfi£ffl4itK l/Tx -^^ffe^lC 



(8) 
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-m m r t. \z $m m i zis s r a si n i c t> t=. -o x & t> t z 
[0030] m3©^©^gii N g§i ©^©a^n 

;& »? . ajiBSg 1 ^temm'&t.imm 2 bruises i: 

[0031] at4©$pj!©st§i±. jg 1 ©^©aty^ 

Htzm 1 #teiiiim^©^4* u mt&m 1 sMiigssss 
^©m 1 -&®lz: hizj&o ihzftzmtim^ovi&m 1 

il^iji: LX&t>-tZ>m 1 SsSliiHS&i:. litJlBIS 1 @ 
5&SS£ls]S&l;:e^£*u l&IBiill <E^O©*fr£>, -it 
5»ic^i5^-i.7 : i>-^;^^©iglR<l^icj«;i:T, miiB- 

jt»©^flS*fcl±I^JKlCili5SA<lg*D^-*flU?-C— 
J11RU BMe^ 1 a «y ^ i: Lxaj±)-r*^ 1 -b U 

**h. itiJiBffI2°J£i®£lE]SS;b<. tftttStflte 

tifc^2#teigilS^©g¥*WUs ^M^2mfiriSiI5g 

^•©^ 2 r t inn* o « £ *vs mt>m^<o&!&m 2 

ft^J£LTm7j-t£>lft2@;©ag[5|Sgi:. mJlB!g2@ 

mmm^iz^Lx. mum 1 Ri^iiiiisi^^tR-r-s 

fl^©il5S»l3«LTafllB-^it^©igi£a&^i,- 
ofcJitRU MlBm2iUI^D-y^i:Uxai*-ram2 

[0032]i5 ©^©StSli. fg4 (O&BJXofcmm 

mm^za^x^ mzmi *j«kt/m2tu^^j±, si* 

slliemi @^iSiIlHlK^©S^#i:. itfJlBfg2-t:U? 
*©it5tBfg2®^I3£[5]SS^©}g*ig^i:l;fc, 5lM=:|a] 

-icis^^ttxfcOs siitBffti fc«fctfm2#(saisi^ 

lij§:tMC|5|-IC^*tiTt5 ») , HfllB^ 1 -5a&A<lj!jIB 
HI 2 — ^gft«fc <9 t,*# < IS^ftT US Z iL Zftrntt 

[003 3] fg 6 ©^©^g(t s f§4 ©^Bfl©«^H 



l^l^-lC^fig^4xT:fc»3, bUsBSI ;fc«fcmr§2@;£®5 
St^[3(Hl-l3Sfi6^i^TfcO, MIBMffliaJI*x 

u mem itu^ ^©^iib^ 1 ^saga®^©*^ 

<fc 1/iftlBifI 2 -iz U £ * ©mliBffl 2 @5Sg5£[slS&^ 
©8^6U*v StW^|a|-J3iS^**T.Tfc»?. mflB^I 
£ fcliiH 2 @^U5[Hlffi©-^iit!|IB®iaigC t©F B 1©iB 
^/)<. liniBftJaifi-Sytfe-y h->7 h-r*J:5IC-r t> UT 

$s^* *x-c 1 \ -5 c: t. &nm t -r -s 0 
[0034] M7 (D&ejiommit. n4tR^Lne<o^ 

r*t/J^©«EB^CD>&J&^}BSSICfct^T. H(llB*J«PaiA<, 
mllBA* ^ n «y ^ tHtllBm 1 iliif d <y ^7 i:©{iffl£J± 

T\ HtllBA*^ a.y^©-^criilC{itl^lCffl^-rS 

te&vmzv^>m*iittti!>tiizi\zm?&\ziot^-c, * 

Htt, IEfcJ;l/^©m;ji5©-*-i:flij^i:&iltRB*)lcai 

•f-^-K>7 , A<tbyt»t--S^3S*HulB^S^ : f-lcW«U 
T, a^fi^©^E4iU^^-*;U-^-f JUfti. 
fltllB^E.* ~JiSkli**t& Lfc^v^ JU^©fl^lC^^ 
IT, mJlBil$Rfi^fcUTtti7^-5AD3>/\--*i:, 

x T t > i, d i: Zim t * * 0 
[0 0 3 5] §!8©SP.fl©3SMI;fcs 14*^1,16©^ 

r^A^©^B«©>AJi5Sff5^gicfc i>t, mtyrn^K, 

mam 1 il®^ □ <y ^ tmllBATb^ o >y ^©-^hfflj* 
t*<, =£H?*i7 : -5'A±)m7 L ii<7n -y ^A^^tlc 
A*^*l, HfHB^o>y^A*^©fl-^©T^^-f 
^'v©ji-fe±A<'5 CTiilC. huIB^-^A*^©^ 
©U^^HCt&DTMSrLTda^-r-SD^'y^i:. mliBD 
^•y^©aiyb©U^-»HCJSi;T. hOI5 A^3 ^ n «y ^ ©^ 

-t$JilfT>?-Z7n--tZtcmz, wim\t>5nvt? 
t, flsB^tR<l^i:LTiiai-rsm2*'y>^iis 4fflt 
[0 0 3 6] ^9©^Pg©^l±. 11 *feliS4©S 

wo>>&3&mmgimzsi^-c. m^m2 Ri^iUiiEiss©^ 

■^■A<A*^*tS. N (> 1 ) f@©^3Rj^iU5lElSSi:, 
bIJsB SR7U»7*7D* 1 SR7Uf77D'y7 

hi, mIIBNfa©m3nr^il55IslK©4'©M (1 ^M< 
N) ffi(DAt>1M}iliit>miilZ, -b-y h^^'J-t-y 
?t>< ; £4x ; eHmm£ttMffi<Dm2 S R 7 U -y 77o <y 
7t, «:^6l'1SxSC:i:&^g!li:-ri,o 
[0 0 3 7] SI1 0©^©^gl±. M9©^©i^ 




(9) 
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mlIBM(@^N/2^T'&0, ffiESfM SR7'Jy77n 
-y^&J:tfMIBMfla»l2SR7Uy77a97U:. 1 
2 h5IB N ffl 0>* 3 Dl£i!E @tt h TrSfig 

ic«tt**iT£?K ma-sett*!** 1/ (n+2) ^ 
*) % mzmzmfcmm*. mzm isr7 
u «, y ^ a * ct ummm&m 2SR7'jy77D 

[0 0 3 8] 11 1 a>9BQ!a)3KBttx »ffl/n6A***t 

Z>m&m* t> oT51ii;*-t±Tl 1 ®12£ D»^h UXtfi 
. ^) Us Lfrti*. aB2«©±B8*<ffiliaA* * a y £ cd 1 /§] 

iv***ifr--#*A;&u *«ffl©«^(DaK**«B4E* 

0<fc?IZx iftiBftlSPfg-^fClJfc UTStftt" SiiES-Cx JIM 

x nT£BKI9mcAAdtt«^ 
*^D'y*fcUTffi*P"r*lftS««g«S^x £«8;ix ME 

^^^oTTt^^^^lCtt, mSM1 1 ^KSSSlKOie 

[0 0 3 9] 11 2<D§&BR0>8mi*. mix 14. £fc 
(±11 1©*W©aBEWB*»Cfet^T. BulBffHJSPSflt 
mIlBS2 Rl^ilMlHl^cDrpl/Cl^Jf^^Xx mBHtt»/i<3ft 
aiTi>mlIfi*5SP^(C^7ir y hifftiSUT, f&gB 

[0 0 4 0] Mil 3O^0£I(t 11 2(D*BflO!)» 
JKSJBSIfiKfcUTx HUE* 7 -by hfH-^-(7)flli N 

[004 1] g1 4 (7>*Rfl<DSiai*. 1 1 3 <7>*BJ!©» 
fiSSJBSSBlCfcUTx ffifflBS 1 oTSiiffiEIKcOJlJS*© 
±HI3»T«^ fflEA**a^^0!)2«»i*>1Sfct^»J 



[0 0 4 2] 11 5(D$£BJ§(DSIMI± N tt8Bfr€>A*<**L 

*-T4SS»BfiJB*aiCfet^T. iftlB A2>£ □ y £ £ A* 
U »Jffll«-?i:ht.f3*iat^fb-rS«5IS&t»oXS 

«T£BEI9Bi:. ttEAA^a** fcfflBH*o* £ 
tfx tWJitv htt^ii'Jiry hSFTl3A*d*i. & 
t>m^&m£&1i5 a y £ LrU*"*"* SR7U y :/ 

msaa* ura^r*** 

^IS-^A±jCDffl*<ffe^rA^Ofii<t 0 *>^#l>^^l^(i 
t»E^«^igi»©aEa*«e>U stilB-^A^cofii 

■r^rp)l3 N H(JlB-^A^ii:ffe*A^(7)fii<7)^^ii4gUx 
mIIB*iJ®fl^hUxai^t- SSimMMIJ:* &1Sx*vI 

[0 04 3] 11 6 ©^OSiaiix 1 1 5 (Df6BJ3©« 

^SH^ssaic^uT. -^m<?>m^*:±f8. Lmu^x 

[0 0 4 4] 11 7flE>«BJia)*ai±H rt«fr&A***L 

£B£il&lsltt£:. ttEBeiflEDftlzMkdn. 
Ii»*<ttE^«kfc*n&Bff*toJ:^l3. MES^ 

y«j©ff^6-o«:aiRLs m&<? □ y * ^ uraj^-rs 

y^A<x ^^ty hffft'Jty KWf^A** 
tlx ffi*m**«lEttl*^ay^i:UTas*-r^SR7 
'J^77D77i: N «rEta**ny*©U^HCflSi; 
T x HaEA**ay^ck0tSt^H»IT. *->>hT*y 

hx mrlfil 1 i}*>*ifi*-rtyu-ts±irr>?-7 
\fzso%frp><Dmm*:MmTzi5fo\z, jjo>\-m<D 

Kfli4mlIB^yxfl^hLX^ait-^12^^>^i:x ^fe 

[0 0 4 5] 11 8®9BB£<D«a(*. MS 1 > JB4, 11 
5, *fcf±fB1 7 0)fta(D»Hffi»lf:Sl^. ttE 
SR7'Jy77Dy7tf, stJlBir ^ hS^ft «k Z/h9E 'J 
-by h^^O^tt^lZA^^tt^^Dy^CD^^^-f 



# 
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[0 04 6] HI 9©$gBJi©£|gf±. IK §14, §11 

7 7 a -y 7-7? * d £ £ ^IS h T £ o 
[0 04 7] §§2 0©Sefy3©=gg(;t N IK §14. §§1 

fr&A^tvfcHiJlBAT^o.y^©^^-* 
<Dji%±A< l 9IC|5l»8LT , 7>i/3 >y hyOU^&ab^^S 
-7>->3>y MUl^lsli&fe^&ICtfSjL. ittJiBATD^o.y 

3-y h/OI,^l5lK*l*<Mie;^^fl5^S© : &a5^i|g 

[0 0 4 8] §12 1 ©fgBJ3©£Sgl;fc, §11 *fcli§§4© 

IS^^tiTfc 0 . ftliB SR7U"; 7:7 a .y 7A<. 2 X* 

^iz Ati^Ht^m^mm^mmm^nm Lxm^ta 

*v s5IB-b>y h^fcBfrlBU-b-y h^A<mIIB2A^ 

[0 0 4 9] §§ 2 2 ©$EBJJ©£ISI;lu nSB^e.#t$g*tt 

£ □ >y * B3^4il tTfiflrrdiHS-C^ LJ ■Silii £*iH§ 
n^o.y 4708&3BHf;:fc^T\ mitBATti-f □ >y A<— 
73A*^A;fc;**u BfJlB^n-y^iB^I©— &frt>-?4- 
K/^-yf *^fet>D-y^A<fte^A7b'NA7b^+i. N ffiJfB- 
^A*C^LTmIlBfte73 A*©^ a «y *©{fitgA<i^H^fr 
«lt;!H;:^£; UT, mIsBA7b^n.y i7©tet@feii4xi,^(n) 

Hit, b5IBD L L^gA<a}73T-5*a«y ^©t^-^ 
[0 0 5 0] §12 3©^©^gl4 v f2 2©$80fl©* 

aytrmtemmizti^T. mummm.^tf. §11 , 

§14. §11 K §11 5, §i1 7©^<D®Jf$SI 

fls^sr- & s d i: fc r z o 

[0 0 5 1 ] §12 4©fEB«©^M(*, n&frZ&teZH 
®M=?-0>&&m U llfJlBAyti £ a -y ^ fcrnJlBJIMsyiiESt 

*<r>-^&z:hizm)!Km£i!-&Tmt>*\z>m^n'k\£t) 
©m 1 attflrecj&t lt, iii£gjb<MiB=iii» t £ t 

-&&xmm£teT-y<5>)i>m5!ic»m2miRm^iz 
ut , u b3ib§§ 1 t m-omm: & t 

T, HfllBfl^'J©**^-o&iS«L, §!2il3S^a.y 
^i:LTaiyb'rs§I2-t?Uiy^i:, m%ZXt)<P □ y * A< 
— 73Ayb^A;k£*u BulB^O'y^lBSI©— ^A^t>7-f 



- KA.y^^^^D.y>7A<ffe^A*'NAyt)^^ fllB 
-^ATblC^UTHiJiBfte^ATb©^ a .y £©{£fflj!><Jfi^ 
frill* UT. mitm 1 StRm-^***t?4TJt*D* 

fcli^^aifllgtRm^fe/SSlt.. HtHBAytl^D-y 

m^izmzm3mtRis^*tmL. mim2mtR.m^t 
LT&t)-tz>m2mtR.m^&&%iii, mzmi *><kt/§i 

2igJi^D.y^A< N **i-?*t-bv h^fc«fcZ/U-b«y h 

[0 0 5 2] §12 5©^©ilS(i s ^2 4<0^BM(Di? 
o.y^«$g^gl3fctx-r v fHB^SB>l!l^gl5/)<. mIIB@^ 
iU2lHlK*§f 1 S^iliilslKi: *St^^^^fcm{5i 
iiffi^©SI fe^ L. edlBATb ^ D .y ^ *S5iemfiogJ2 

uA^t,, mmm^wnmmm&miim 1 s^iis 

IslK©{l^iJ©iSJifii:|5l-©§l2@^iUi[5|^i:. ~ 
itlffc-eSlJE;* ^ff5^©§! 4 ^ffi^-lctS^ L 

T N LA^^,H^II^§^1^tRfS■^i:(5|-©l|#fet,^-r. ml 
IBm^iJratt'A^-O^tRLs §f3iSJl^Q.y^t L 
Ttb7b^S§i3-tzUi7^t, HfHBAy0fn.y^A<-^A 
77^A77*+t, S?IIB§l3ili2^D-y^A<fte7jA73^A7b 
^^-s fIIB-73A*IC^LTB5i3fte73A^©f Q>y^© 
(sifflA < -^L^' , 3lt^ A x lCJ!S H?IsB§f 4 illRfS-Jy * ^-tt 

^ig3bD*fe(±ia'i>^-&^§l4JltRfl^±^gpi: v b5IB 
m4MtRm^£. —M&£ LT©^»©fiS|C^Us 

[0 0 5 3] 
[^©HJS©JB*J] 

<i .m&omWi 1 >ia 2 1*. nsfi©^ 1 ©^ □ -y ^« 

^S©afi£S:^t-7"o.y^ia-efc^ 0 &ib\ tlT©EI 
(C*>t^. EJ4 7-I35 4fC^Ufci£*£IM£|5]-ai# 
IC(±, |S)-©^fe^UX. *©PiHB«:lttBj14BS^-«)o 
[0 0 5 4] EmcfcU-c, 1I±DLL^ 2li«JB 
^JisSlgv 3li^o.y^ K^-f A N 4li-^D.y5'iB^ 
6(±^D.y^A^J^v 7(±7-f - K A- y^IBS| v 81* 
D L LSSMtii:£)BB*gx 9I±£ a .y ^ K^>T AA^)i3^. 
CLI*^-g|5^t.A*^ti.*A*^a.y^ Wgp^D.y 
^) s F B(±7-f- K/^>y^^a>y^x INIiifcJBiSE 
^M2^Ay7^^-5»A73^o.y^ v OUT l±MJKHJi5^ 
S2A^6»ai^*^5ib*^n < y^^ ^LT, 5 0 11*^ 

[0 0 5 5] 5l££a.y£{tt$&gg5 0 1 

^a.y ^ttfg^§5 0 1 AM&WJ&^tL-S^o.y^ 
l;|SiaSLXl!)1t-rs^^§ (v7xi) -Cfei.o 

mm. 5 it ^ wzi£®-\tzm-f&?iz, tavtizmfflL 
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[00 5 6] DLL^aifcJ:^D7^K7-fn3 

tnA^^D'^INfe, 5 0%0>f a-f -ftfc£fc 

2*tTl^o Ltatf^T, ^D^i^glS 0 1 fr*> 
«**t»5^(* x 5 0%(Dfa-T-fJt4tn^D'i' 

[00 5 7] £t>lz\ £o*y^IB|£4rt(D-/5frt>£a 
y*OT#7-r-K/ty*«Dy*FBtl/T, DLL 

□ y*#aSSS«5 0 1 DLLSiai K 

3b<, 5 5 1 fcfcfc, ^StttfCJtfc 

[0 0 5 8] ;0^D^ftlS8S5O 1®ftS0il9 
H3^-f$>^t-M:^to E3 
T N TI±A**ay*CL©SfflTfe5o a»B»»K» 
2©«*f;:«fcoT\ fa- ^-f Jt#5 0%£&£cfc-3l;i 
A2j£o^ I N*<«»!BB£jhfcJL-Cs 
OUTtLTai^^o ^a>$£JH N 

$o>f i-f* ±t* 5 0°/ol:^^tiTUS o 
[0 0 5 9] U^ts D L ©fflgKl«fcoTx 7 

-< - K'f«y££ay£ F BODtittBfi. A^^o^^CL 

•y£*Oy£ F B(i N A*^ay^CLfc2«SB»il*t 

[0 0 6 0] J^±Od;5lC ^d*v^^SE5 0 1 7? 

(is femDL c^^-^o^iCv mmmgk 

m:2tfnA£txfr£olzmf££H~C^2>fc.&>lZ, DLL 

of ^it^<5 0%-N^[g3^^tL^ o u^t> mm 

[006 1 ] ^d^^15 0 1 Zm^ZZtlZj: 
oT. f a-f -fJtA<5 0%-eL^t«S«lS3b<«:^*i 

&!&S£-r**f»$sa 5 □ * <? <DtL-t=>±.i**)\zmm 

[0 0 6 2] <2.HJ5SCD^pJ2>og r l^. SSffi(D^SS2 
[0 0 6 3] <2-1.«B©*tt>B!1 lix Xffia»ftB2 

oa»BiBBSiaa)««*^-r^a.y^Ei-cfe§ 0 10a 



S^TiJ^ JLML££oy £«$S£IB5 0 1 o^yg 

[0 0 6 4] 12)1 l^-T^Ks ^15 0 2(± x itL 
XT±aCr\M&izJ:^xmf&^tii:i^o bmcsi* 
Tx lOfi^D^^A^^. 1 1 (*flt 1 °T&iES[a 
»s 1 2ttlR2 ora&BZIilB. 1 3(iMffliaJ. 1 4(*S 
R7U^7Dy7, 1 5ttffiffltt»S. 1 6l±f*- 
vtK>^[h]^ n 1 7li^-"r^^JU* N 1 8{i$iJ$Pfg^ 

«u 1 9fi^a»y^ai^^. vi mmmrn^. ou 

T_AI±S1iB5iI5ltt1 1©&a*ay£ x ^LT, 0 
UT_Bfif§2iliI[°]SS1 2©ai^^a^^-C$>^)o 

[0065] <f)it>M w&jj-tzfflmm^v 

i nli. m 1 RraBeBSB 1 1 i:I2 qiXaBilsllSI 2 

o^iz^isi-A^^tL^o ^lt, m^^zJW^mm\5\& 

1 1 (i. ^a^A^iSHM Oi:0A^^A^^D 

Irl2 oTKaBESIKI 2li. A***i*lii*>Dy> 
0UT_A^ N SMfifVi nfZJ&L^iij&g&^T 
£t>f33151£^ \£±<?uv<?0\) T_B£LX&j3-t 

[0 0 6 6] Lfr*,. Rl*iBiIsltt1 1 hfjl 

2 oF^l5£[n]g&1 2I± N H-*££(D*!lfflHi^Vi n(D 
TT?v f 2 RHKSS£[lltt1 2cDiM^M;b<o;fefZfg1 rI^ 
iM52I°]S§1 1 0)il5iM(D¥^^^^<fc5lc«^^ttrtx 
£o Ttet>*>, Si 1 oHSBBIsItt 1 1 G)iBEBdelay(A) 
fc> Jf§2 Rl£iH£[5IJ»1 2 0)ilK«delay(B)fcG)PiBI^ 
li. {delay(A)=2 • delay(B)} (BtSC 

1 ) . OUfW^ti^o ^t>lCs SI 1 rJ&JK£[°1S8 
1 1 CD^Rl^il^Mlix A^^n*i/^ I N©^d^ 
Affl (^J^liv 100MHz^Dy^j:b10nse 
c) <. L^t,HSBa>2«S5toTli:**J:5C 

[0 0 6 7] $ffl&M 3IC«St)^ffifflJtRS1 5. f v 

-istf>znB\&^ 6. ;u-r^-f^^i 7ii, ^n^e 

*l. «*5Ra5 5 1ICfcl«(ft«ltlR»2 0 2. ft- 
S/'?K>7a82 0 3, )\,5>20 4£_mm\zM 

ftr^^asu^-e^^o octiJtcmi 5(*. a*>dv 

0 I Ni:Ui*^Dy*OUT_Ai:a)raT?fitffi(DJt«* 

^DWN>fe^ai-r^o 
[0 0 6 8] f ^-->*^K>^[°]SS1 6 li N :^ib(D77 

[006 9] SR7iJy77Dy7l4©tvh«ffS 
ET(3li£li^^n^^OUT_A^A^^tis Utvh 
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fto ^Ltv S R7'J»?7Dy71 4 0^Sl5a4*« 
□ ^^0UTi:LT^ai^^*i5o SR7U 
ay^tf/Sueftfto 

[0070] 04 fiStffcgJfcSIB 5 02 ©SSfl©^* 

liA^^ay^I N(D»ifcSo A^ay* I N £ 

^WiTft^D^tfA^tvfto 
[007 1 ] HffPfln 3lCli N A^^a^^INhaj^J 
£a^0UT_Ah#A73i**u $OTS&1 3 3b<Ui*r 
ftftJSPd^V i n<±. ff 1 nJKSSIsItt 1 1 I^td^ 
fttDT!. £§1 rJ^^0S&1 1 fcMfBSBI 3hl£-«0> 

fto 

[007 2] K1 Rr&jS2£Ii]& 1 1 (DM*: Rl^iSffifili 
A^J^o y^I Na)2^^>Sl3lS^^tLXt^^/c < «> 
13. ili*^ay^OUT_AI±A^^n^^ IN^t»1 

(=T) «Z-r ft-*:"^ ffi«©»fliW*— 
f#t>;Kfto ^UT S fiS2 aTKiSSIslttl 2 0D«JiS(ix 
ttSCI ©■»!;: LfcA<oT\ SfflTO*^ (=T/2) 

tfcfto- 

[0073] SR7U«v ^ d^71 4 li, ajTJ £ a ? 
*0UT_A<DjlL-£Jl*)<9 (0^t>1^O^) fdfHJ^B 
LTi3 7 h^rti. ai^a^OU T_B<Dj£^Jl#9 

Qoai^^t)*»ai^^a'y^OUTIi. &t><?nyl? 

(1^t>0^v^-r^) o *<D*S*^ ai^^n^^OU 

iifcfto f&toSx as*^nv ^OUTCD^-^-f it 
f£5 0%£:*:ft o 

[0 0 7 4] «Lt©J:?l;:* »^gi5 0 2(£. A 

[0075] §t 1 njaKisisitt i 1 (osmsM<om 

fl«^t ttWMVi nflDfflffifltMU StiKutt 
0 > ffi 1 °TSiSi£[s)& 1 1 <Z>«:*dIffi*#IE U < M 

fflT©2fi*»!-c**u«ie>«-e*ci^o BSMRSfcira>B8 
tLfcx rI^I5S[e]SS1 1 0**«2s/i<AflT 

ft#-f>h tfi|i-T:lifc:<fcfto 



[0 0 7 6] ZCDB&KDfctiblZl*^ MtLli, 
Jb* 1 7 

K-TfttcfcUo &ftW± x /t9-*>U-trv h[°]S&£I3! 

lt, mftizju--??* 1 7£^sittfc^*-i>-;p 

* ft J: d CflldK LT£ J: I*. 
[0 0 7 7] <2-2. RJXjSSZIsIB : *CD 1 >H5I±. » 
»»B8B5 0 2 © nTKIffiBBS 1 1, 1 2K:ffai*\ 

[0078] *imzmm&2 oit, /wt^isiksb2 

K Ml RNEaBKBttl K fcd;t;i2 nnEsKBMI 
2 4fixTUSo "Ttob** RTSEJ1SIH1IB2 0T?l±. ff 
1 RlSeilSEEIB 1 1 ±:!S2RrKiiH[5]ttl 2fc##— CD 

[0 0 7 9] yW77BBiJ2 1 tt % KSteg«IS£& 

2 6 ^PMOS h^V^X* 2 7 h*H^Ttx 
fto ^L/T, PMO S h7>v7^ 2 7©y- hSSt 

KU-f >Sffih(iSUf^»^tvTUft 0 SOTfE 
*V i n^NMOS h^>5>'X£ 2 6©>r- hm@^£: 
A^^+iXt^fto 

[0 0 8 0] RHBeSEmK&2 Ott. *6CStMCl8W 

SEHflH 1 aMUdtetu tt^tt»a>^»a>J|L(ftiBBaK 

^tiTUfto ai**n**0UT_A(i. B«J*aJ^i:^ 
¥ffl»©»«ffl*^»&tLx ttl*^n^*OUT_Bli 

[0 0 8 1 ] ^#(5i51i20SS(i. -f >/X-^ 2 5 fcffit* 
TO^o c:<7)^ >/t— * 2 5 li N KU-f >Sffi)b<SC^I^ 

s^^*ifti:i:t,ic. h«a*«stwzaa***LfcN 

MO S h7>vX^tPMOS h7>v7^^"Cl^ 
4^Tt^fto ^LT, -f >A-^2 5feS^f ft PMO S 

OOPMOS h^>->*X^ 2 4tf^ff^ mt< NM 

os h ^ > v x ^ cd v - x ^a hgife^tts^ t <om 

fto 

[0 0 8 2] -f >/'C-^2 5 0«]|4<D^r- hS6lfC(iA 
TD^n^y^ I N*<A7b^tifto ^U, >M-*2 

XIE^2 9ftaUTx t^TCPMOS h^>v^^2 
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4feJ:r/PM0S h7>>X^ 2 1<D7- Mi. SIMC 

-r^XGONMOS h^>v^^2 3fc£l/NMOS 

[0 0 8 3] nJ£iiSi[°]S&2 0(±o^0)J;5^iftftt- 
£o -Tfc*)*.. yW7^I§lBSB2 1 13(4. ®Efl-^-Cfe 

~C\ Wi^V i ni:«a«/W77«E^PM0S 

[0 0 8 4] Ctit>CD§Wfl-^V i nfc«k^W7Xi 
JEtf. t^T0NMOS h^>i>**£ 2 3feitfPMO 

So 

[0 0 8 5] «H«a*<*StW5^>A-*2 5©e 

ilMElB 1 2 (D^51M(i^^a!3^ 1 rJ^^EISS 1 1 0) 
Tftrt)*. -*smmm\B\&2 0I4 N «5S 1 o 

[0086] ccdj:-?(3 n °rxjii£iiiB2 ox-its m^ 

RnBBEBHH 1 fclB2nraH«IEIB1 2d:, H-« 
i60>*tSBBSISBA<2 : ia>fflBrefitto*K Ufr*. "T 

SB1 1 hH2 rKKHRI 2fca>Hrc* 
[008 7] H5 0)lslBBftft&^U^7 l » h 

nh^cTTs RrxaiaisB2o««dtr««*?£J: 

IJL^o 3(D<k5[cb-f TO h%'rr?z£izJ:^T, 
/W7XI3S2 8, 2 9fc— MIU;:Ett**U 1/^7-5 

:/y xftezco; 4 x©SHtJ»)H*t> uififodtiSo 

[0 0 8 8] <2-3.RF«i»2lElB : 2 >[*] 6 (4. £& 

t&w&ssl 5 0 2 ^(z^yjsc:^ u^ta — ooRjxiiss 

7:14. /W7^@B93 1 GOStaStf. rTSGBS[sIB2 0 



tli«»«i:»oTi^o irfrfrtj. /W7XHB8B 
3 1 (4. SSatuS?S«i:SlfeSfiiS?S»i:©rai^»^ 

2 &<Dm&m& *m lt t > * 0 

[008 9] miea)i»MEB7?li, PMOSh7>y^ 
*3 4. NMOS h7>>7^33, Js «fc tf»«MT 3 

ft-^-V i n^NMO S h^>zs'X? 3 3 CD^r— hSSIC 
ATD^^XfcO. PM0Sh7>vX^34O^-hi 
Si: KU-f >mSli^$S^tvX^^ 0 
[00 90] f£l&0!>iE?iJ@»-ei±, PMOS h 7>vX 
*36£NMOS h7>vX^3 5^^ KHIfZSlid 
hTUSo^LT, PM0Sh7>v7^36©y-h 
mSliPMO S h7»*7^ 3 4®y- h 
*vr&9. N M O S h 7 > 3 5 ©y- h IfiSh K 

[0 0 9 1 ] PMO S h7>vX^ 3 6©<f- htBIt 
/W 7^12*82 9§li;Tt^T0PMOS h^>f>*X 
*2 4©y- hSSf-S«#*i. NMOSh7 
>5/"X$> 3 5(D>r- ht8I^W77K«2 8&JSDT 
t^TONMOS h7>vX^2 3©y- hgffil3«IS 

[0 0 9 2] /WT^SB6SB3 MWI^V i n 

*><A7J£;tx£ NMOSh7 >f>^^ 3 3 £&ib«fiHEB 
^^13. V-XfflaafcLT0>fiJa*^3 2 *<^»^ 

Sft^ffita* 1 ? 3 2*3fcfc£ 0 PM0Sh7>y^34 
£PMO S h7>>7^ 3 6 £X*gj£<*;K£*U> 

<*;h,£o ££13. NMOS h^Vv** 3 5 hNMO S 
>f>*X^ 2 3 £X*gj££*i£73 U > h S =p-mmz 

[0 0 9 3] 3CDcfc-7(CLT. Rl^315ilHlB3 OXIis 

©jspm^vi n-ciiw**ifc«aftfcBi;*# 

[0 0 9 4] 3&fc N JU±<DK 1 RraEiiffilHlB 1 1 fcctlf 
Dt2'pne3BiaK1 2CD^JX(4. smmvi n*<ii*n 

-CL\/c^< N 3:<D&<Dm&-C&'oTtj <fcl^o $«J 

»«1 3 its ffi««i:*i:T«MfifVi n^ s Jiieu 
-jsc * 1 niKJiffiiiiB 1 1 *5<fcT/»2nra£ 

3 l^ia^^tiTfctLtf cfc t^o 
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[0095] <3.iu5so^3>o^fz % mmv>mm3 
[0096] <3-i.mm<»±#>m7{*^ znmmcDm. 

5 0%(C^LT£li^-r^5 r ^-^-f itlHl^ShLT 

Tx 4 1 lilg 1 RiaHSffi[5|» % 4 2 Iiig2 RjSEiBSIsI 
88 x 4 3(iS$PSfls 4 5liAD=i>A-*s 4 8li$flffl) 

[0 0 9 7] »je»&RB5 0-3-CM\ ^-r^-fJU* 
1 7 0ili*-e&^T^nyff^CD»J®fH^V i ntf, A 
DD>A-^4 5 (^cfcoTTV^ JUJEiStDftjePfl^ S i 

1 fcfl£2 °J^S5i[°]£§4 2b.lZ&&\zm&£*iTl\ 
£o ^LT, ^1 Rj^il55[°)K4 1 kff!2 rT^IS^B 
4 2(i x kfcfcs 7£;*Jlfi4®*ftA9-r*7 ; 2'*JI' 
HRjiLT«|JttdtiTU« 0 1B1 rHEjBKIsIIM 1 k!g 
2nJ^l&ls]Sg4 2k;b<s t><Dm£m CD Ml 1 

»SR»5 0 2 i:H«-e**o 
[0 0 9 8] <3-2. pT2>52£[eIB : ^GD 1 >H8l±f|!1 
°»BBSl5)B4 1 ©aitfftiSTEIISBI-C&So ■ 8 '-^ 
Tcfc^Ks 11 °rSSB£l5)B4 1 (i N -t?b**47k^f 

£ I N fi s tt^^tife^f (JMESfiX? ; 

^©«T(iCMOS-f>yt-^EiB) 4 6©fiJlSICA* 
£;Ks «f >M-*4 6 CT tic. -f>/t-*4 

6 <D&96£m£mm&fzii-m£mmm£fr'c?T < 0 

[0 0 9 9] -f >A-^4 6©eiftiBSRrai30L\T 
lis ifi*©aJBMb^n-bX0)TT?x 0. 1-0. 2ns 

*B5 0 2t«u&tt«JB1 RTKjIffilsllM 1 tUT N 

[0 10 0] «E«a8»*tLfe*«(D-f >^-*4 6©- 
5£f®& (fefiUdSR: H80«-CI±41B) 
*><5l&ai£*U «-WUi:UT-feU**4 70>AA«? 
^k**#i*o H8(D09-Clis C4xt>(7)ai^^<s A;fc£ 
□ '^IN fcBHWI (jEA/iWJEC) Trig 1 "HESSE 
©R4 1 ^tmfrtiZxkotz, —mo>4 >J*-&4 6 4 

[0101] t?U**47 lis ^A*tt^l3A***Lfc 

**ifc-o*j»RUT. as**ay*OUT_AfcUT 

£Ts ilffia(Dll>3&i^ny**aRL-CU5*i.r*J:5fC 
«^£^tt^o ZCD&olz, g1^lS@K4 1 (is -Y 
>J\-*4 6T?«j«^*v4H^iS5iIslBh-bU^*4 7 



[0 10 2] IH9fis IR2 nJ&IBts)B4 2<D*g/££* 
-rHBBTCfcSo i2 Pj^eil°)3g4 2ts an 
52(h]B4 1 fcnW»e % OA-^4 6T«^lS 
aHIigB4:-feU**4 7 fc*«jLTl** 0 fc/cU £1 
Rl^iii2[53K4 1 lcit-cx*& (feSLffl»;B9(D« 
T!li2f@) <ZM 4 6 CThfCs ib2»b<-fcr b £ * 4 

7-s^l£aS£;tx-CU§o 

[0 10 3] r*t)*x ®2 ofK2iZlE]B4 2Tlis tr 
1/^^47 (D^A^S^A^^^i^ * n y £ GDilSiS 
lilis HS1 FJ£iH2EIB4 1 t7)4^kfc*<fcdfC«!JS2 

LTs Jg1^£SI5£II]B4 1 Rl£iH£E]B4 2 k 

©iUSMlis o*j|3BacioB«*J«fc-r 0 
[0 1 0 4] JU±(D^3l-s »1^S5 0 3Tlis 
S1 RHKSKI91B4 1 *J«tZ/»2 Rj«imi2lB4 2*<x 

CDTTs /WrxiMSKBStt-/ -f X 3 km «fc 
[0 10 5] £fcs BBSXgKfcU-C* $/'*JHh]B 

3WH»lz««"C* s BBftxS*<&Sf bdJi* k u d 

[0 10 6] <3-3. pJ^SUJIhISS : ^©2>H1 Ofci: 
1/01 1 lis **i*tmi &<fctfff 2 RlKaEilslBoa 

^5£[°]SS5 1s 5 2^s ^>/K-^4 6kirU^^5 3 
a>tt^t>-ttT«Wt**iXL^o ££U tR 1 , m2Rl^ 
®SIe1K5 1s 5 2<DPb1-Cs ««c»»**ife-r >A-^ 
46kirU^^53 kORflOHflltf^ < 
TL^jSA^ IS1 *5«fcl/*2 Rr*iSeislB4 1 , 4 2k 

[0 1 0 7] ^UTs Rl^515i(HlB5 1 CDt 

U^^5 3 I3lis a»?«-9kLTMai«^S i n£«/$ 
mrObTy hm^A<A^^tL§o -^IC^Ls ft* 
012 pT^!52[°]£&5 2CDtrb^^ 5 3l^lis tmS^- 
S i nOlhffitv htt^^ Stifles ^i0)b<1 tfy h 

[0 10 8] 3^e>CD^1 , 12 BTKaHi[5lB5 1 s 5 
2Trlis fflfflfE^S i n A D => >M-£ 4 5lC<to 
Ts 2^»l3MiJoT^e»^s Ltt"bim Ot^l^JU) 

Ts m2 ^m£\°\&4 2<D-b\s<?$5 3\ZAJd£H2> 
^tRfl^lis m 1 Rl^il3aiE]B 5 1 CD-tr IZA 



(15) 



9-321614 



5 2Tli, 1S1 rTKjBS|5|IS5 1 (D4^<BiI3£M;b<o;fe 
f3f#e>*t£> 0 

[0 1 0 9] fg1 , 12 pJgil&[°]S&5 1 . 5 2(i N ^ 

[0 110] <4.38S6a>»jB4>H1 2li. ift^S^^ 
S5 0 3CDSltipaJ4 3*. ^>^;Ufl^fti^0^felltT 

i»o 01 2l:iJ^T, 5 5liD^^. 5 6(ill73^ 
5 7li^2^^>^. ^UT, 58li-f>M-* 

[0111] W^15 1 4T:(i. 
0 2l3fcM*£te«lt««1 SaffcbOK* #ttfcD^v 
^■5 5#fl|l*fc>*tTl>ao D^y^ 5 5li x t^-^ATD 

[0 1 1 2] El 1 3 fcJ;^!!! 1 4 it, D^v^5 5(DM 
ftZmty-tZfJ $>W + - KTrfc^o E11 313^-T 
«fc3l3x B^^D7^0UT_A©A*^D'^ I NIC 

13. A^3 £ □ *y £ I N (Z)j£t?_t# 0 I3IH18E U"CfiS" 1" 

**lfc|HH5l3ffi" 0" I35£££ 0 
[0 113] B1 4l3^-TJ;-pl3x SmSMbK M 

OfcHJHLTfl" 0" ©fiI(35£££o r«:t>*H iBS* 

fit" o" *aau«i**o 

[0 1 14] 01 2l3j^oX. 11 . 12 730>*5 
i^*lTUS 0 H **>*5 6(i x D7»^550 
*^-f ^ <tt*TlifiI M 1 " % «#7?ttffl" 0" ) Trfc 

8^LTD77f 5 5IC^LTl>^>o 
[0 115] ^LT\ 11 ^0>^ 5 6m 7vZ/W 



fit" 1 " ) #m**;h*o 

[0 116] 35(3. y^>^DWN^7^f-f7Tfe 
SMHTett* * □ y AA> □ v ^ I 

NlCRHfflLfcA^V h^0>#^ttl3fr;b*i£o 

ND*^T4"^-f ^a>fis*<aj***is 0 -r^fc-fex ^1 

"JKBEEllM 1 tfclt-5iI5S*3!)<SaBT*aS-efe-S4: 
£f3fix 11 5 6(i7J^> h7v7Slocf 

It\ a*l3Ji}fflT£j@;L£>i:£l3lix rt^VhS^VSo 

[0 1 1 7] 12tj0>* 5 7li. >A-£ 5 8©* 
-/t7D-S : fOVRfc<fc^7>y-7D-«?U N D 

*^*i^*tT^^-f r-cfcs^SfCx 7y?»?ups 

a>B»fcf?5-f >/X-* 58^LTD7«yf 5 5 f3tt 
^LTL^o ^/cs SB 2 5 7<D£ay£Sg^l3 

fix A2j£n*y£ I N^^^Tt^o ^LT, 
> h d^cBflltMWI? Sini: LTi 1 pJ£J!5I@ 
B4 1 £<fclfflS2qnHIS[9&4 2 <B7 ) 'sfcJSHi* 

*L<5> 0 

[0 118] Ufe/)bT N 11 5 6^*-;0 

□--r*fctfi3x a*^dv^ i NizisiaiuT#jai«-* 

S i n<D«li" 1 " foJMboU 7>y-"7D--*" £fc 

ihc* " 1" ro»j>t^o r**>*s 11 qnesiB 

%4 1 0>iBS*A<ffl»lTl3JE9 4ct^WIB-Ctt, $CTfH^ 

s i n(±-«»iMriii3fii" 1 " as 
z>o u±(D£oiz, m 1 2f3^Lfe^fi(i N mmwzgk 

15 0 3 (H7) ©*i]fflgU4 3h|5|— CD«fiBft»fc-ro 
[0 119] COKB««WiS4 3hLTAt^RII3 
«±x H ^3!5I[s]S&4 1 fcj;t/12 oJ^il5i[2lK4 2 
fix MflHHS i n*<7^^t^[^^^l]t^M/)<7^^<^^cfc 
^I3 N «^^*l^>o CO^hlix ^J^lix H8»<kZ/H 

*t^oy ^3b<atR**iS<fc5l3-bU*^4 7i:-f >A 
-*4 6 fca>BffftUI:«-4itl3J:oXSatalfiS* 

*V^o 

[0 1 2 0] H1 2ICfeUT N D^»v^5 5f3A^^*i 
^ATD^o^^ I Nhai75^a*y^OUT_Ai:*A*v 

*tf£x n rj^^si°i5S4 1 ©iisfi*<3ae-c&^^$ 

f3$iJSPm-^S i nliii*DUx ?£T««h«(CX^ a r 
31CDh^l3li N #IAIix EI8fechZ/(H9f3*>l>X. 

^tR^4x^>cfc5l3-tr U^^4 7fc-f >/X— *4 6 hCD 



(16) 



9-321614 



[0121] ifc&Ulis D7-^55i:i1*0>^5 
6 t©M©iia*BB-rS-f >J*-$ 5 8(Df®gfc (fit" 

[0122111 2cD^S7?(i. 7fD^[£|!ST:i^ 

❖ 1 7£^£>T. &J3P3J4 3 (0 7) (D-T^TO)^ 
^v^^SKl^Mt^^^^TU^o ZCDfctb^ 01 

r£C£#T££hl^fU^#?#£;h,So 5=^* 

\Z < l> h I* O W&t> ihib^ e> HZ> o 
[0 1 2 3] <5.Hfflg©JBB85>EI1 5(± N 
15 0 2, 5 0 3©SR7U'y77Q^7l 4 ^CDf iJ/S 

fcis ufcs R7U y77D y ^©«ja*^*-iH]»ia-efc 

So 01 SKlfcl^T. 6 0(iCOH35SCD^pJOS R7"J 
y-7yny? s 6 1, 6 5, 6 6, 6 7(i-f>A-* N 
6 2liNAN DIUKx 6 3l£NMO S K^>vX£. 6 
4(£PM0 S h7>>7^, G NfiNMO S h^>f>"X 
^6 3(D^- hm«5-A^^tL^><f- h®E. ^UTs 
G PliPMO S S^>f>"X^ 6 4oy- hSlS^A*^ 
*iS^'- hmEETfe^o 
[0 1 2 4] -f >A-*6 6I£M 0 S h^>S>*X^ 6 
3, 6 4<fc9*,Sgg)7}*><fl< (Tfcto** aj*»6ltf* 
<)BIS**iT^So O/t-*6 60BA 

J;HM0Sh7>^^6 3, 6 4©a3*A<«5tr 

So 

[0 12 5] SR7'Jy77Dy760Tlis S^tem 

h7>^^6 3, 6 40^-hIi^ ^f>A-^6 
1 ^NAND0186 2 i:-C^/a^*tS l 7>f>3 *y h/tJU 

ig^R STl3^*L^*i««^*uTt^So M0Sh7>y 
^6 3, 6 4©S^gPli N ^^'JftlfilEt4-f>A- 
^6 5, 6 eiZfttt^fiTUSo ^UTs /^'J^ 

^art^tiSo 

[0 1 2 6] 01 6li. SR7'J^77Q^760^S 
R7U^77D7714^ UT*1<*& £*LfcS»f£iIfi£SS 
15 0 2 0lMt£t»eJrr<2>*-f hTfe^o 
0 1 6 (i. aBBS&KX 5 0 2 KffitfrSIB 1 rTX«ZIsI 
881 1 tf&JZttitenytftmiz&ZiiZtDmte^LT 

OSo 

[0 1 2 7] 01 6IC7F-Tcfc5II N A^^d^^IN© 
fa-f^M5 0°/ o ^i§i:$i:it ^TCTh^ 
toZmmdlZfrfciT, SR7U777D77H0i? 
vhSffSETx Utyh^RSTOJ^HBi: 
fit" 1 " tteZo ATD^oy £ I NOT^-^-f 



it#5 0%*lT^ott, S^W^a^^tt^i^ft 
-T S *T?©iBiSW«:fflPaT«±, HfllKx SR7'J»;77 
a<y^1 4 0)2^0)^:^ 1" tfHBSKAaSfl* 

[0 12 8] zn&^tei^iz&titf^ttczmfto) 

SR7U^77D»y 7Hi N i&Jfc^f&SSg 5 0 2©SR7 

'jy77ay7i 4^iiau3kt^o z&titb. mm<om 

Rl2-CO^^<fc5l^. &Jfc^£SSS5 0 2©SR7'J^ 
77D«y714l:lt 'J-fc«y h^^CDS R7'J«;77 

SR7U777D-y760lt 9 >f> 3 >y ^/S)lX{2l& 
ftf**PT«Cfcl3J:oT. 2A73*<(H|^^fii" 1" 

.^1 4CilU^ItUTl^o 

[0129] B1 6K:5**\fc3l;:* t?*y h%TS E TIC 
A7D <* *iS aiT) £ D y 5 0 U T _ A CD jt^ ±tf K> ^ *y v 

izmmLx, m" o n a>9>-> 3 ^ h/ax^PMos 

h7»'^^ 6 4<D>7-*- h«SCA***i5o Km 
JEG PfCfcttS.Ttf)'? >f>3 >y h^H*f3«fcoT\ PM 
OS 6 4#B8B$<DF e W>-rs 0 ^CDiS^. 

-f>y^-^6 5, 6 6-e«^£^^p<^BUlC«^^tiS 
ttA<M»S*U ^JElEmAMKFQ^tt" 1" 

So 

[0 13 0] ATD^a^y £ I M<DtLi=>±tf9Jivisfrt> 
T/2&C:. U i? y htt^R S T CA***iSa** □ 
y^OUT_Bm±Wo C<DtB2)£D*y£0UT 
_BO^J:^'9a:»y vlcm^UT. fit" 1 " (D9>> 
3 <y h/t;U*<NMOS h7>y*7^6 3oy- 
K:A;k£*iSo <T- htEGNl:fcltl»C(D9>>37 
h/UUXf^ctoT. NMOS h7>y'X^6 3»^(D 

Qfctt" 0" *««»**i* 0 

[0131] iUT> H«©l^#JE«£*i*tt*. !fcJ5E 
!Effi**?QI-tt« M 1" fctt" 0" T/2^ 
(35^SlCtJb^^tiSo -Oct5l3. SR7U«y77D'y 

zreo-c^ 2A7biS^iciii" 1" ^ihjb^ica^^^t 

t x 3H»fc < tttt^OT, »»9BEKB 5 0 2 O S R 
7U y~?-?uy-f\ 4^Lr(DfiJffl^ffl^-So ^t>l-s 
SR7'J777ny76 0-ett, *«k*<ib»Wll>*: 

<. L/)^ ^ fel^t^^-^r^sht^-p?|J^*>[5lB$^3^#t>^So 
[0132] <6.mm<Dmm6>m^ nt. s jww&& 

15 0 2, 5 0 3OSR7'J«y77D<y71 4^0)fijffl 
tJBLfcaiOS R7'J »y7 B ^D»y-7 , CD^^^-r[5]Kia 
tfe^o 01 7^Z^>t^T, 7 0Ii^(DSafi©JBffi(Z>S R 
yyyZfynyZf* 7 1, 7 6, 7 7, 7 8(*-f>A- 

72, 73fiNMOS h^>->"X^. ^LT, 7 
4, 7 5!iPMO S S7>vX^Tfe^o -f >^-&7 
7(iM0S h^>i>^^7 2-7 5 «fc 9 *ffiM**<S < 
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[0 13 3] SR7'Jy77D7770T!i, ^mtiLW 

m££&*&ntiLm)m&t.(Dmiz, mos h^>->-x^ 7 

5 — 7 2/j<d(DJKl3it^Jl^^^^xTl>^o ^LT\ -b 
y hS^S ETIi^>M-£7 1^UPMOSh7 
>f>'X^7 5 0>f-hS:Sl3g^^n. 'Jt«yh*FR 
S TliNMO S h7>>7^ 7 2 0^- hmSKJgfsc^ 

[01 34] MOS h7>^*73, 7 4©g 

e>^. ^e*7^^Qoai*m^li. MOS h^>f>* 
X*7 3, 7 4<D>r- hHffifcftJii;::? -f - KMy*4 

[0 1 3 5] :©SR7Uy77Dy770li x o^(D 

o" -e^^^-r-So co^^s ^sai^^Qic^ 

^TWPMOS h^>i>'X^ 7 4li7j->LTfc9. 
NMOS h^>^*X^ 7 3ltt7 LTUSo 
fZ. -by KSS^SET f^ffi" 1" <DJVl,XtfAt>7*t\2> 
^HhfHUSlCMO S h7>vX^7 3, 7 4CE>3ggc 

^om-^s -r^^^^u^oATDft-^iiffl" 1" 

[0 1 3 6] ^S|gaJAMffQa)tt*«-B M 1 " \ztsiZ> 
PMOS h^>i>'X^74li^37Lv NMOSh7 
>5>*X^7 3li7j->-r^>CD-Z! s ^-£>&-by h*S^S ET 
lefii" 1 " (D^;ux/)<A7D^tiT^. ^MStBTJiffiTQ 
©fflfcgftlifcHo Z(D£.£^ y-by hijfi^R S TCI 
fit" 1 " <Z>JX)\,Xt><\t>£4xZii, NMOSh7»'7 

[0 13 7] ^fi|Effia«ff Ott^-H" 0" K:fc£ 

PMO S h7>v'7^ 74li7j->Ls NMOSh7 
»7^7 3li7j-^1-^CD^ N ^-©Sty-fey h««?R S 
TizW 1" (7)^;UX^A7j^^xT^, ^KECstBAHHF 
Qa>fitie*fbl±3&L^o iU_h(Dck5l3 N SR7Uv77D 

^_Ltf0T-by h£*u 'J -b^ Kig^R S T^<DaL*>± 
jVO-C'J-bv h^WSR7'J y77Dv7i:LT«ffi 

[0 1 3 8] -by hig^S ETh U-by hig^R STh 

craisfcfir' 1" tfAJjzHztzizi*, nsmtbttw 
TQomtt^^v (DAJiizmmKmztxxfcmztizcD 

Trfil" 1" , " 0" , " 1" , " 0" , • . • • fc N 7 

4- vj*vt)i-z7\ziYm7*H%3mtt<Dmm&im(D 

W2<S©SSB7?*ffirSo SR7»Jv77D 
y^"7 0(i N fefc^t-aoo^lHiaiKDT^Uy^Dv 
7^LTl^t^ 0 -r&fc)*^ SR7'Jy77Q'^7 



0I± N RffllftDXl^raiJ K3?»J v77D^©HB 

[0 13 9] C16DS R 3? U y 7^Q y 7*7 Oizm^&tt 
AD-r^C^l^choX. y-by hgSfcCDS R7U vZf7u 

to H11 8l:^tSR7'J'y77D^780Tli, SR 

?y y77D^^7 0i:fci«-f>n-* 7 1 #n an 

Dlsl8g8 2lzm$i&jLh>H, ^e»/C. UtvUPRS 
T*)W >A-*8 1 fc^LTNAN D®8&8 2<D2Att 
(D-^izm^HXl^o «J4zy h«r?R STfC 

S^£*v£>f >M-*8 1 <D&7j*:NM0 S h7>vX 
*8 3(D<r- hm«S±:tf. * >A-* 8 1 £ 

[0 140] 3CDcfc3(c:S R7"J ^77D^770llffi 

#&it3iig»*f**p-r*chtJ:or N y-byh<s$ta> 

S R 7 y y ;T:7 a y o 

[0141] <7.^feojB«j7>ini 9 it, mm&mWi 
mmmmm 504 -eii. atd^ □ y ^ 1 n ^§gt^ 

A*«ffta*WBKa5 0 2 fcfl&HKs , 7>f>3 y h 
M\>UX[g]5g9 0#:fr*ic*;h,TU£o 

[0142] 9>va«y h/U,Xl°]S§9 0I£ S 01 9 
TF-Tct^lCs -f >M-*9 1 , 9 3 X fcefctfN AN DIhI 
%9 2CD$l^-ii:-e^^ti^o "Tfcfc-fc* -7>i>a y 

h^;UXlEj^9 0{£. [211 5 f^L/c^V^a y h/Wl, 
X@»£H«H3W/a£4v&o '7>->3 y h/^U^[°lSS9 
0(DiS)^ICJ;oTs 11 BTKiGSEUft 1 1 feJ:tf(ft«Jt 
8851 5lcA73^^x^A73fi#I Sli. AT^^ny^I 
N^OtiCD-^li^< . ATD^Dy ^7 I NIZ|l}^Lxai7D 
^ti7^^L-7^-f it^+^f-'Jv^l^ >V3 y MtJUXi: 

[0143] oB20tt % z<Dmmm^m5 04(Dm^ 

trV&RtZ* 4 hTfc^o A^fl-^I S 

A7D^ay>7l H(K>iL^±h<^\zmm\^XiL%± 
CD*Sm. iii7J^ay^0UT_A(i s ccDA^fl-^I S 

[0144] mmz. m^^oy^ouT_Biis tht> 

^□^OU T A IZ7* *lzm£t>Wf)U£tifcL i b(Dtite 

£ 0 13 2 0-Cli. SfljtDf * L/fctt»4«^UTl^ 
Zfr&btz, as**nv*OUT_A!i, A^fl-^I SIC 
?4LT^I«BT/£I^^ aj73^Dy£OUT_Bli£t> 
lCT/2/cltil^TU^o ta7j^Oy^OUT_A. ffl 
7b^oy^0UT_Bh^^. ATDfl^I S^HUSftJB 

[0 145] U/ctfoT, SR7'Jy77Qv71 4© 
-by h«ffS ETfccfcZ/'J-by h^R S T h^l3fiI ,, 
1" h^^ClhrCct^^li^^^^o -r**>-fex S 
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R 7 U d »y 7^ 1 4 t LT U iz *y hS^CDSR^'J 

v?7Dy7Sfflt^Ck4<, £fiffiJfcilft(D S R 7 U 

[0 14 6] fcfc. 0 2©SR7'J»;7 

7D»v7l4fl)2AM> A-f7*r-f7 (ffl" 1 " ^ 

9fcfcUT\ -f>A-^9 3a>ftt>0fC2S0)-f>yX- 

[0147] <8.i^S(Z)jBpj8>ia2 1 te$m<»mm8 

JfcSI^SSgS 0 5li. T^-^-f JtBfkttBJ: LT«/a 
£*LT;fc9, U^ts SR7Uy?7Dy7l4Ml^ 
§:^<, 5 0 %Ta-T-f ©a^)^ O U T 4 

[0 1 4 8] i2 1 (CfcUT, 9 6(4£>ffl*Si©S2Rj 
KSZSB. nO, n1, • • n k UJR 2 oTEalfi 
IslB&9 6©tt»(DUttJ<B^ ^LT, 9 71±*A*SS© 

mmu (or) o 5 

I*. 3MB»»SR«5 0 4fcfet^, SB 2 rJ^ISHUSS 1 
2A<m2Rl^ill2lH]K9 6(3g$^xt>^s S 
R7U y77Qy?1 4 ©ftt> 0 l^»SfOlsltt 9 7 ^fli 

^Ff3l±x JS2 RlgjH2lE]tt9 6<Z>^aS*jn 0, n1, • 
• • , n k3b<A***tx ^B|^alHlK9 7a)£a^m^*<ai 

[0 14 9] B2 2l^ «2 RTaSS2£[s)R9 6<7)«;$£ 
»*hfc>RO*ttilHSII9 8 tf iTt^o 

x N wHtom^aaBtaoi 9 8 taj* * a * * o u t_a 

CCDffi*i*n.y^OUT_AA<Ui*«^n 

*(mSBA9 8©ffi*tf, a*ffl^n 1 , n2, - • 
•, n kfcUTSa£*i£o ^UTs HIAJd^OU 
T_A(3ttT£g$*f5<DdJ2) n k<&«!£B#. fg 1 rJ& 

[0 1 5 0] B2 3(i N *CLa^I°3SS9 8 0Mfe^t 
[°]S&II]T:£>£o ^CLil52IslK9 8©*!::* rJ^13£[hJS§ 
2 0 (mS) <b\ o©*<S«K@&£:7W T'XlnlS&SiJ 2 
1 fc#»*^;bi**iTfc0 % A^fl^ (09iLtfn 

0) fctH*«^ («x.tfn 1 ) ©ttSft— 

[0151] El2 4I* N »l^g!5 0 5©Bff*|tt 
iBf**^^'*-*- ht^^o EI2 4TI* S fB1 rI 

©fi-^»JB3b<«^*LTt^o ( 7>f>3^ hn;ux@K9 
OGOffl^Cicfc^T. S1 1 Rj£iiEElB& 1 1 fcJctfiStBJ* 



RH1 5IC(i. AA*Qy* I NI3B«BUTA*±*< 
Os b^t+»lC«lwtJ|,x«w&t.ofcA*fi^I S 

[0 15 2] ^LT X fS2^£^®&9 6CDai:bfI^ 
n 1 , n 2 , - - , n kli. W*-3WnBroiBS-r 

£0 '*jux*iw0>*££i* n T««£i*ik<iit£±*i« 

Q««<«i:«ttBlclIttd4ifto ZCDtztb. &t>m^n 
1,n2, n kOii^«]^:UX?#t>ti^ai^^ 

□ ^OUTIi, ta^^D^^OU T_A<Dal^JiA<»3 
WjS3^&«»«©aj*«*n k<Dfi:%T*<0B*jSi*T?* 

fit" 1" fcfc*o 

[0 1 5 3] KflljttDttAfi^n kC[>3g3IM*)<. ff§1 rJ 
&52£[5lft1 1 cD*^^c:^^<^:^l3lS^^*txc^^^D 
Tr. flS1 BTXSSgiKI 1 ^D^LActtRSm 
«ftCDa*«*nk©aB5«ttT/2fcft*o ZCDfrtb, 
JilWQ^OUTtt, T/2a)^F01lC^/c^T^ii ,, 

[0 15 4] fc*>\ yt;bxffiw^fflTi^tb^T-h^fc 
tt, HlAIHnl, n2, • • n k©ffl»l*+»fc 

[0 1 5 5] dOt>t*A^r*t**4iSr^fc«)l-(is 

□ y £ BS<Z>m* * a y £ O U T_A Id^^tti^fM^ n 
kOJBE«^ N iSIM=T/2-w, O^t^^Scfc 

9>va * Kn;i/X@»9 OlZ^lt^yt^XilSw 
fcJS2RTSE«Iigtt9 6(DJ|lffiaSSIsiaf®IBRha)nB0!> 

[0 1 5 6] <9.Safi<Z)«»9>ia2 5I±. SISStD^SS 
9©a»BS9B8ia(D«fiS6:^-rrpyi;|aT?fe*o 3(7) 

ja**tTU*o da>aOSWS*»5 0 6T:li N a^J^a 
v*OU T_AO)ftt)0lCx XAJav* I N*<H^I3 

§5 0 2 (HI) tl*»aftl^a«:oTL\4o 
[01 57] m 2 6 lis JB 1 «J*»Sia» 1 1 tfn *v ^> 

>y^ + - KXfe^o 1 Rl^ilSlelK 1 1 lia>y£ U 
Tl^'2)^7)Trv ttl ^3 ^ o % y £ O U T A liA^j ^ □ 7 ^ I 

OUT_Bli, A**ay> I N^bI1 rJ^SSSIeIK 

1 1 <Dm£mma>¥&s Ttet>*>t/2fzttm£tz>o 
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[0 15 8] SR7U«;77Q77l4t 
(i N i?y h*£^S ET<Dffi#£*>J:*<^fc^ T/2& 

KT*6Ut* h«-?R ST©ffi*«irtJL/><*o 
#K S R 7 U «y 77 □ y 7 1 4 O^fifiifiAafQ 
li. ya.— x-fifc*«5 0%CD£ay £*><di±>£ay£0 

[0 15 9] l^±<D«fc5lCx COgl5 0 6(i N i&Jg^ 
U T^-eOil5ili^ SR7Uv77Dy714Tl^ 

[0 16 0] ZCDZhl*^ {SfflW^MtteZotztbtz, 

0 3HJ2PSB1 3 fcfli 1 rJ£S5£E°]SS 1 1tt, 

[0161] <10.^6<DJ&*J1 0 >«Lkf3BUI! Lfc7= 
Rl^il55IlISScDill2Mlim 1 qTKaBZIilKtDieBUO^ 
**dy* I NCD^i— ^-f tt!3J:6rrCx 5 0%©^ 

- 5 1 ■< Jtt & * -r & * □ y £ # as * * □ y o o u t t u 

T. g2 ^KiEfi[Eltt<DjK»ftH Mill** K1 qnSB 
55@SSCDil5iMCO 6 0%i:KSt*itt x 6 0%C0^n- 

^ -f it * mr z &t> t d y * o u t tm *ixz o 

[0 16 2] ii&*(Z>HJfi(ix mZits rH£S£IsI&2 
0 (05) lcfcM^S#{!aiS0iSa)<i»*MSt-^c:i: 

4 2 (18, 12)9) -f >/t-*4 6(£>f®jg«Z> 

K2B[sltt5 1, 52 (B10.H11) <Z>0ij7!(i. tr 

[0 16 3] W^15 (i1 ) tf. 5 0%-*rlifcix£> 

fc^lcli, tB*^ny^OUT(DTa-T>f J±£x ^ 
<Z)ga® K'&fr-tf&iD £ h (3 J; o TT N tt^SSS 5 OHjfF 
SBKft**«f3§l*_tl«^t*<pI8gi:«:*o tt±0>* 

^©jB»-ca^*:aaB«9Ba!{tf±s m 1 «nBBsatt 

[0 16 4] <11.mt<MBtt1 1 >o*IZs 

[0165] <n-i.asa©^ft>H2 mm&m 



»1 1 ©iS^TO*»a>«!rtft*-r7a»y^ia-c**o 

C0«l^gi5O7ts TJL-T4lt5 0%<D5u 

£o H2 7fCfet^Tx 1 0 1(±«»» x 1 0 2(i^ffijti 
4S8. 1 0 3,1 0 4li»ia*? x ^UT N SOfiS^ 
«f©ai^fi-^T!^^o ^2 rJ*JSSIh]&1 2<D**pia 
13iIliA*^D'^I N©1 »«l*a!lcB!***LTt^ 

[0 166] A^^n^INIi, rT^^(5]S& 1 2 ^ 

SR7'J v77Qy71 4 ©-try h^ff S E ThfCA*) 
£*U ttS^i^a^^OU T_B*<. SR7Uv77Dv 
71 4<D»J-b v hM^R S TlZA***tTl\-5o 
Tx SR7Uy77Dv7l 4^58*^ QO§ 
^A<. HI** □ «y > O U T k LT^Hl** W kl: 
S^sil 0 1 ^A^ti^o «^1 0 

1 (Dmiim^S 0(i. SIMMMtl 0 2 0^^SAM 
^fZA***i«>o 

[0 16 7] S»i8«S1 0 2(DKUXttm^iZit, ffi 

ia(vdd) «^^^«(&*9i«a)Mr3ift7ijrcfi 

mZHfz, «fitffl©*Lt^-0<Dafit*^1 0 3,10 
4©JgttSM>«ft. "r3k*>**jft«tt (Vdd/2) 

3, 1 0 41*. aPPflffiftfbSTftDHIiiUTtllllKLT- 
t**o SIMHMI1 0 2li N 2oa>A*«#©Sf3tt« 

£o C©a»fifVi nli. RT^il55lsISS 1 2^kA^ 
£;K£o fcifc. «#£S1 0 1 0>B$3g»l± % SHiTfCJt^ 

[0 1 6 8] M2 8li. £©««5 0 7©»ftftBiP-Sr 
^ >y^-^- hTr&^o HI 2 81^^-i^lZs ttl 
AJDy^OUT.B^A^ny* I NCWLT, m 

ai^fE^S0(i N ^ipm^ ( = Vdd/2) iO 

fc&fCs tB^^D'^OUTOfa- ^-f JtfiS 0%J; 
0tB<&5o ^0$i^ N S^i§1 0 1 (7>liykb>£Tr, 

tJ&oT. Rl^M[°]S&1 2©il5Ifi(i^^<^or^> 

0%lzft-3< o 

[0 16 9] ^□^OUTJA^Q 
I IMKttUT. HIBTiOt^&CBBIIt 1 

^fcA6fCv «*£O'y£0UT©5^-^-f i±li5 0% 
«k0tfi<^o ^CD$i^ N «^is1 0 1 G>l*tzt>£ 

■e. ai^m-^-soii. f$*ics¥sei3}g3£-r£o 
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T&< 0 T^te^x ffi2>*O^0UTcZ)f a-f*flt 
1*5 0%ll3ft^< o 

[0 17 0] \&t)5nv<?OUl<0"r^-"r<<&ft5 0 

□ ^OUT (7)^3- -^-f itlitfi^Iii Lfc < fr£ 0 

-fJtf±5 0%G>mz&&-fZ o :©j:?l:gS5 0 7 
fi. A7j£o*y£ I &\Zfrfrt>K)ti:< N 

5 0 %^^-t>< i£(Dfcjj tnvtOU TZ&jlTZT 

[0171] Jfcs dCDgSHS 07-Tli. 
^aj^»^*vSai^^ a y 5 O U T C £13 J; 

3o Z&tztbiZ, mn$SUZGLm.TZ>SR7VvZrz?13y 
n 4§tt«)T, fit" 1" £&7bT£££(DS£IS;*)*: 
fit" 0" £ai7tit-£h£CDS£Itt££x KffiK:— 

iii^^n^^OUT (DfzL-f -< it Affile 5 0 %f3i# 

3 £ n a f y^s^«t) o t n £ o 

[0 17 2] £613, 8£S5 0 Jffla*? 1 0 

T^-f it**-r*iti** a ^OUT 
C^^PllE-Cfc^o ^ C0)iI5 0 7li, fa 

[01 7 3] <11-2.W»S>o*f;:. 3SM5 0 7031 

##§1 o 1 £is-7:<Dmmtzmi,tc.mft*5<D^<'?fr<Dm 

(COt^TlftBfl-r^o 12 9l3^t"J:^lCs JS#i5l 0 1 

[0174] msoizm^Tzmftzsi 0 1 a-e(i. R 
cy^fii^oxtMtZs 2«©-f >n-# 1 o 3tfmt& 

^^iTU^o a^Dy^OUTtt-O/^-^ 1030 
A*SSm3A*3<**U RC:7*^*l3ffiftl3liA*£*i 
fcuODTf. RC:7^;U*f3<fc£di7^oy£OUT0}£ 

m^o>B&&mmTz z #t £ * 1 i\ o m&ft$> a Q 

[0175] 131 izm^TZmftzsl 0 1 bli. S35 
3 1 l3fcl*T\ 1 0 4, 1 0 5(iX-f y^>y*^ C 

(i^M^s ^l-c, in, iPte«asn?*«o atj£ 

^a^a^OUT^®" 1" CDh^(3liv rax 
IP#7j->U S3£;JSIN(i*7-r^ 0 >£I3 X ffl" 0" T 

[ o 1 7 6 ] m 3 2 izm^rzmftzs 1 o 1 c i* N 2-2 

IP<D«a©*g**5t^fC|5|-fz-r-5© 
(3^ L 1 0 1 a)-Jf^-e^>^ 0 03 2I3&U 



T x 1 06, 1 0 7, 1 0 9liNM0Sh7>v^ N 
108, 1 1 OliPMOS h^>v**. 1 1 1 li-f > 

[0 1 77] MO S h7 >isX$ 10 9, 1 1 0(±. it 
ti?U^^f>^1 0 4, 1 0 5l3*tfSt-£o £ 
MOS h^>v^^ 1 0 7, 1 0 8 fi x ^tl^HM 
35SIN, IPI^£S"T^o ^LT. MOS h^>^X* 
1 06, 1 0 7, 1 0 8i:g}S^Ri:iaoTs MO 
Sh7>v^^10 7, 1 OSO/WT^IslWa^ 
ftTl^o 

[0 17 8] -T^te^v ftSi»^R ttsAO S h^>->'X 
* 1 0 6t©i«MI3Bfta*i*«a©*#*tt. SSiX 
^RCDffitn;fli(Z)7^^^rc^oT*iSf^S^o ^ux, 
MOSh7>>7^ 1 0 6, 1 0 7T«^^*U> 

h^7-0^ N ££>(3 N -OOM0 S h7>vX^ 1 0 

r N ^«R*awx*«atHi;*#*©«ia/i«s mo 

Sh7>yX^1 0 7, 1 0 84364x^0 
[0 1 7 9] -r*Jb%x SSaShLTOMOS h^>v 
7^107, 10.8 G>«atffi*\ ftfiif!!^ R OffifctfiilC 
<fcoT*ftffi(35£g;£ 0 Ufr**s filafc^ROJSSiffiftS 

£1 07, 1 0 80)iaMO<bTt/Jv^<flli>&C 
t>^H-2>o 

[0 18 0] <12.SUfi©«fi81 2>iH3 3li x H35£c7> 
-So £©ifi»BSBBaS«5 0 8li. fa-f -f it 5 0%OD 

sis 07*f *s*)m&'vmi$.Lfzt,(Diztm 

<7 I NCD 1 «W*«lCKS*#iTt^ 0 

[0181] A73>7D^<7 I Nli. rJ^313^[hIK4 2 t 
SR7'J ^7Dy71 4(D-b»y htt^S ET^fdATD 
^^Xx a373^ D^^O U T_B*<. SR7U^77D^ 
7140Utv h5S^R ST^ATD^^T^^o ^ L 
Ts SR7U'y77D«y71 4 0^J£aaS73« : ?Q<Z>m 
m*&t><? a ^OUTh LT^gj-sai^^tt^) £f5)EJ 
13, f^^7>fM1 2 0fCA7J^tt^ o fv^^7 
-f 1 2 OA<a37^f -SMWfi^S i n (i. pT^^Uils] 
SS4 2^i:A^^ti§o 

[0 1 8 2] IU3 4fi. ^istrJU? 4 )l£ 1 2 OCD^ 

4^-rig»Brt?fc-5o ni3 4^^^>t^T. 1 2 1 (i-o/t 

122, 1 2 Sfi^^^OV^mi , ^27b 
0>£. HC KliAT^ny^ I N <*: t^^^+^IC 

[0 1 8 3] aiTD^n^y^OUTIi. hoIScO^ 1 1)0 > 



(21) 



9-321614 



* 1 2 2<D7v7ii$i?U PlzmmXJj£i\Z££t>lZ. 
y^>^DWNIZ>f >A-* 1 2 1 &ifrLTXt>£h 
£o £11 1 2 2<D;*-A37a-ig^o V 

R % 7>y-7D-SfU N DI3\ i2*^>^1 2 3 
(DT^^ig^UP. yO>^DWN!C. ^tt^S^ 
£*\,TU£ 0 2 2, 1 2 3(D^D^ 

[0 18 4] Ufctf^T, ^^D^^OUTW 
1 " T~3bZtZlZlt, g1*^>^1 2 2li. SI^Q 
^HC KO-^fg»ICffl^t-^^I8^:^ oTjSSW 
IC X ^-A^a-iS^OVR^fil" 1" ZftjjTZo 

S1 J)0>5> 1 2 2 li, 7>y-:7 0-5^U ND^b 

[0 1 8 5] ^©ISSs ffi^^n^^OUTCD^zL-^ 
-f it*><5 0%^riSxTl^^#l3li. SISKIN Si ntf> 
<liiJi#ux^>$s 5 o%£9£«i^£(ci±m^l-c 

4><o £/c. tt^ny^OUTCD^i-^-f lt#5 0 
%lc-»*-**:*f;:l*s *J»«*Si noffltt*»L6r 

[0 1 8 6] Lfe^oTx SSB5 0 8T:li. U*>nv 
^0 U T(7)^zL-^-r Jt^5 0%lCitX^r^«fcd(Z. °T 

KiHntt4 20>SUtfMMd4xft. £0><fc5 KSia 
5 0 8fi v I NO^a— ikf^A^fcO 

fc<. 5 0% j t s jl-t4 ItCDffi^^a y^OUTftffi* 

[0 18 7] 0 8-Zfli. 07t 

|S|«fC *»Wl3»8B^as***LSUJ*^ d^OUT 
4^E-^"TSCi:ICj:pTv 5 0 7oOra-T-<Jt^# 

SR7'Jy77Dy71 4tt<toT, $m*>(DmQ<Df& 
WtfffifUZtiT. ffl*jm**OUTl;:te»»3 5 0% 

[0188] ^t»i^ N -r^rcDSSfiSB^-F-f s?*jusi 

[0 18 9] B3 5 Its ^15 0 8lCiau/zs S'JCD^ 
T, 1 2 5, 1 2 6l*mW.m (AND) ©Kx ^LT, 

127, ^ 2 8{*7v7#o>mT:Lfr<b4mmm<Dt> 

[0 1 9 0] aj**Dy*OUTfc»a^Q'y^HCK 

t<ommmt<m^ t>o>$ 1 2 707y7s»u pka 

Stem^kSa^ o^HCK k©IMIA<A**4i4o 



7>y-7D-i»UNDtt % i2*-)>*128©7 
TU*o ^LT X I2*^>^ 1 2 8®tH&{B#IH9ffi 

[0 19 1] l^bt, atfj^o .^OUT^fi" 
1 " 7?^4h^/Cli. S1 *0>£ 1 2 7li N 7*y^88 
PlCA^^^4iS3^a*y>7 H CK*±0> KT'y 
W**D!y*HCKa)-«»»fC«a-r*JlJB«; 
toTJSSWI^s *-;OD-SffOVR^6fl M 1" 
*U5*-r*o Hi*^D'y^OUTW 0" 

^0>^DWN(3A*#ix4JftiS^D^ 
£HCK£±>^> hyO>L. 7>y-7D-^?UN 
D*&« M 1 " *Jx&#)\Z&t>TZ>o 
[0 19 2] t<onm, &t)5W>OUT(DT3~-T 

[0 19 3] Lf:/)bt, :©fv^^7-fJ^ 1 2 0 
at«UfcM5 0 8tt N $tt>5nytO\JTG>T=L- 
J±A<5 0%(3iR^t- 4^-513. RT8EiIS5l2l»4 2© 
3M52fi&&ISp-r 5 0%^i--^-f itOUWj^o 

«o ^>*^;U^-f 1 2 0 alrli. fiffife^lSDOJiS 

[0 19 4] <13.SI«5©JE8B1 3>El3 6(i. HJSCD 

4o COSy^SSB^aS 0 9 fix PWM (Pulse Width 
Modulation) &»SBfc LT«iS£;h/ri*4o 
[0 1 9 5] El 3 BIZfcUTx V r ttnSS^S^***t 
^>A^jfi^-s ^LT N 1 3 OliA^d^V rtfi\t>2ti 
*\*>m*-CS>*o A;War?1 3 OfdU SttflMWI 0 
2CDJSfeA^^ : ?l^^^ttTt^^o Tfcfc*. £0>SS 
B5 0 9li, ^15 0 7 (02 7) KfcUTx fflcta*^ 
1 0 3, 1 0 4-C«Wl**L4»*«E«±«*(»*U. 

[0 1 9 6] A^D^ I NOI^T, 0 1 

©bsjSSs fc<fctf, x*OTv ra>Jina>Mlz* HMT 

#3*1 0 1 CDB^^^IS^^^^o -O^ICli. A^3 
fi^VrtfJtlUTt. pI^^15i{HJB4 2 it. a»y^« 
fi84«U*Uocflt4©Tx ffi*^D»y^OUT0)H»lli 
A**a»^ I N<DJBKBTtH^*Lfc**h3fc4o L 
^t. A^Jft^-V r*<^tA^$l3(i N ^^D^OU 

^0Ct^^^l^l*. tt*>ay*OUTOfa-f-fttlt^ 
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[0 19 7] TUt>^>. Xiitnvtl NOD^-^-f 
t>m^V r l;iJS^U£PWMaj;k£f#£C£/)<T-#& 0 

[0 19 8] <14.SSS660JggS1 4>i3 7(i§SS6<7)Jfc 
*J1 4<Z)>^H^^g(7)«^^^-r^D»y>7!2]Tfei>o 
^(D»;^i5 10*,. PWM^g^LTM 

[0 19 9] i3 7f;i*>l*T. 1 3 2li^^ir^ hfeS 
gre$>£ 0 *7-b«y h£j£an 3 2I£. ;U-:7:7-f ib* 

1 7fcaS2njaSB£igB&1 2©BBt^»d*tTfe0x A 
3 0**LTtttfJ:9AA**i*A:fcfi*V r 
fC«Ufc***©*7try MOT-** WfH^Vi nfc 
Ma^Jb-&*« 8 -r*to*x COSSM5 1 0 
H s ^15 0 6 (H2 5) t*UT. *2RrKiIHEItt 

1 2^fcf^£;hS*l»«*Vi nl3. fttt*&ffiKO 

[0 2 0 0] A*fi*Vr^ftLTfex 1 rT&JHE 
DB1 10ltfHZMMfi<a:<* IR1 «IK«DB1 1 

■^V r#A2>£;K£h. aii^Dy^OUTOJIfflliA 

1 Oli. PWM^H^g^LX^gg-r^o 
[0 2 0 1 ] *7tv h±J«ffl1 3 2I£. 20(DA^fl 

(Dgi5 1 Oli. AMfVr^, ^^h^HtftU 
fet^-S0ll:ftO3i:i;J:oT^ §gS6<DJ&S8i o-eift 

i: LT*&ig£ it £ 3 h t qJggT: £ £ o 
[0 2 0 2] 30^15 1 0(± N A^fE-^V r CD 

*SI**Cfc/><«:<x HilHS©»UA*fifVrOPW 

m mm t a h i * a ¥0*5 * o 
[0203] KK.mmtommi 5>m3 8it$m<Dm 
«ji 5<D}^mm&&<Dmf&&^-f7nv5m-c&z>o 
zcommm^ms 1 1 i*. t^-tt* ttismgiStLm 
}A&^Mm^mt(DM^(ommim^xmmt-^^ o \zm 

[0 2 0 4] i3 8l;ifcUT. 1 3 4. 1 3 5. 1 3 6 
l£!f!2. fg3. §§4 rJ^I5I[s)SS, 1 3 7, 13 8liS 
R 7'J^7Q»j/7 N 1 3 9l*8S3I*n[s]8&s 14 1,1 
.4 2, 1 4 3 tttHaiTF. O U T B 1 , 0 U T_B 



2, OUT_B3li^;K^;hJfl2. S3, ai4oJSjB& 
081 34, 135, 136 ©tU^fl^. * UT . P 
1, P2, DBLIi^tiSR7U«y77D^7l 3 

7, 1 3 8fc<£tfi§3lfa[5)S§i 3 9coa5^<i^-efe^o 

[0 2 0 5] "f^fr^. CCDSSM5 1 1 li. 
S5 0 6 (E)2 5) IC. i3, « 4 areiKSB 1 3 
6, 13 7. SR^U^^D^^I 3 8. fccfctflUI 
WSSS1 3 9^mD-r^Cli:l3j:oT«^^tiTl^ 0 
m2oI^^0K1 3 4(i. 0 6 (02 

5) 0i2 nJXie&Isl&l 2 fcH— Tl±fc<x g2-g 

4*Immm&^ 34-13 ecom^mt, ivrtit. 

H— V i n (Dt t "CM 1 rT&>E2£[°I& 1 1 a> 
ISIO 1 /4 fC|£^£;KTU&o 
[0 2 0 6] !g3 rT^I3£[5JS&1 3 5 KliA^fE^*: L 
Tai^o^OU T_B 1 #A*£*U Ib4 pT«iB5 
BB1 3 5IC(itii^^ay^0UT_B 2*<A^^ti 
*o 3i2--aS4oISBilIIIII»1 3 4-1 3 6 

(is mimmzHTi^o ^lt. ai2~ai4nraBB5 

SKI 3 4-1 3 6CD^rttfCt. Wf^iiLT^- 
A*£;fx£o 

[0 2 07] ttititnyZO U T_B 2I±S R T7 U 
^o^^1 3 8cr>ir^ h«?S ETl:A***ix Ul** 

□ 7^0U T B 3 it U tr y RST \ZXJlZh. 

l>o *UT % 3 7, 1 3 80^ 

js$teai^i£^Q<Das:*)P 1 , P2#. ^H^aj^T 
141, 14 3&s&kTn&^ftt>2t%z>£tt,\z, m 

SfniSKI 3 9CD2A^^iiA^^^o BI3«]BI 
SS1 3 9<D&t>m^D B L(i. aSA*^ 1 4 2^ilUT 

[0208] El 3 9 li. g§ 1 ^^ilSilElSS 1 1 t><n v 5 
tt»Zfc*fcSft«fcLTSK»5 1 1 ©»f¥*MWr* 
^>f^>y^^- htfe^o ^1 PJS2&BI&1 1 

^0UT_B 1— OUT_B3(i. A^^^IN^ 

[0 2 0 9] S RZ7U »y^n»y^1 3 7li. 

O U T_A 0i^±^ 0 I y vT t ^ h ^^ix ai^J 

^ □ 7 ^ O U T B 1 <Z);ll^±# X«y >T 'Jir^h^ 

*i£o Ufc^ot, iU^tfPI^ as^^a^^ou 
T_A£|5]— (fitBv Wt>©^i>h. A^^n^^INh 

(si— <£ta-Cs L^t. 1 /4cD5 ; ^-5 i 'f ttfew-r^^ 
[0210] sR7«j *j-r7u*jzr\ 3 8ii. as^^o 

»y ^0 U T__B 2CDjt^Ji/)<0 h^tis as 

^^□«^0U T B 3 (D±L^±^ yT- Utyh 

^ti^o LfctfoT. ai^fl^P2(i. m^^n^^o 
UT_A (fe-5lMiA^)^ d y £ I N ) ^e>T/2^l^ 



(23) 



i¥9-3 2 16 14 



[0 2 1 1 ] iS3lfn[S»1 3 91*. ititim^PI, P2 

lhu J^ffltfT/2-e N Lfrfc. fi-f-r Ittf 5 0% 
(DO □ y ^fl^h Ltffb^i^o 
[0 2 1 2] CCDct^i^, d©3^5 1 1 Trli, A** 
□ ^1 Nii|5)tii5cfc^ffla)2t§(D^Dy>7^t>^ 

Tx mg§5 ([U2) hK fc»tt©*o**fti6«fc 

hLTH&hSKx ^0^15 1 1 liWffl-C$>^o 
[0 2 13] fc*>\ g!5 1 1 RTKaiSS 
K(DiUIS(DJ±4 1/4i.^Ofii^l5^L. dSfZlKtt 

JdL fc«ltMU.3tt, 4«fcira>*n**a>a«fc*i 

[0 2 14] T&to*x -fiSlC. IB3R»EaSt°IEI1 3 
5ttPtaMk*<N (=«») "C N SR7'Jy77Qy7 
lix !S2 -RKGBSEIttl 3 4 4#«>fc— ^ fcSi;:. ^<D 
A*fflfcffl*fflfCtry h^?S ETkUtv h«^R S 

2RTSEa*£EI»1 3 4J»B0)**L^*i©iSS«l±x »1 
RTSaS£lslEI1 1 (D3152SCD1/ (N+2) fcfcl>J;«3 
Clft^*LTfe*ttf<tL^o ^OtSv»3"5IKiB£lHltt 
1 3 5 J5iLBt«tt**t* SR7Uy77Dy ^©«&M 
It, M=N/2k4^o 

[0 2 15] ^9t^CklCct^T v IA3lfa[aK1 4fr 
6>l*> A2j £ a *v £ I NOi«»A< (N + 2) /2<g. 

(M+1 ) fSH3MS3*u L^fe N t^-t* 
Jt*<5 0"%O*av^*<ai*^*LSo H3 8I^Lfc« 
li, N©ffi*><«/J*fil(&0!k rfc;b**N = 2l3t§Sir&o 

[0 2 16] <16.SS8fi(«BgR1 6>E)4 OliSISfitDJB 

&o ^^n^ftm5 1 2lix D L Lgfihfi 
-7^ttQttKBhtfttdU^KB5 0 1 (H2) fcH 

[0 2 17] [34 OfCfcUT. 1 5 1 (ddffiSEItt. 1 5 
2te-bU£*. 1 5 3IMiatRft*±fittt. 15 4ft 
M2atRtt*±dttk 1 5 5ttAJHH£ak cl-cn 
li^ES&l 5 1 ©a AS*. S 1 MJR1 s 
2lim2iltRm^x S3liSI3aiFm-?\ ^IT N OU 
T_S 1, OU T_S 2 te-fcr U * * 1 5 2 ©tb^S^-T 

[0218] assail 1 5 1 l± N A^^D^y^C L^JK 



a-»IHiroBi**T, iBASfc 1 , c2, ■ ■ 
• , c n £ LT&JiTZo mm& 1 5 1 COigSMIi^J 

[0219]-bU£*152li. ZltU^^kLTi 
^*iTfe0> MlOffiil^c 1 , c2, - • c 
n©4>*6 % SISlRm^S 1 Kl&*UT-o*aiRL 
Ui^fH^0UT_S 1 £l,Xftt>-?Zii£i,lZ, W2M 
tRMS 2lzOTUT—o*attU iiJ^fOUT_ 
S2kLTai^t§o "Tsfefc^v 5IM0S&1 5 1 £irU 
*$M 5 2kCJ:^T, ^*aiIHll*<lltf*4xTi* 
£o ittRfE^S 1 , S 2©tttf*Sl*K±r* mzmco*: 

[0 2 2 0] MOiM^gM 5 5(± N A^Q'^CL© 

««*s 3£LT&t>-tz 0 in i attflw&MM 5 3 
©tttiafzjSDTfliiattflms 1 ^m^-r^o -r**> 

*x * 1 atRm-^-±J5£gP 1 5 3 li N A^^n«^CLi: 
7^-KA^^^Dy^FB0)fiffii^ «fflfniC-tfD 

©fiT$ST5J:9i:s ffiiaiME4S 1 ^tB^j-r^o 

ft2atRA4-£jaasi 5 4i* N seiauwt-sf s 

1 lC«S3aiR*^S 3*iD»L/Tx f 21«<|^S2i: 

[0 2 2 1 ] ^CD<t^f^ v 1BSB1 51, tU^^1 
5 2 N fc<fct/ v ffi 1 atJW8-9±J*8B 1 5 3 CJ;^T, D 

"5 ic% m£mt><vm<*HZo $ *>tz, mmm^^ 5 5 

*:IB2atR«^flWt8IM 5 4hlCctoT, A*»Qy* 
I NOffig©^:!— ]±£ 5 0%lZ&&-fZ>T^-^- 

[0 2 2 2] H4 1lis fitfflS/)<-b*nf3ft*LTt^tt 
fflft«fcLxaS»5 1 2©Hf**«MIITS*-f 
^- hTfe^o EI 4 1 (3fctMT N TtiA^^D'V^CL 
<7>«»iTfeSo atl7tim^0UT_S 1 I*. A*>D'y5 
CLICWLT, DHaKS^S 10>«l3«Dfe— ttSBE 
S/£I^^LTt>^o ^FbCs dJ*fl#0UT_S2 
I*. m3^tRfi^S 3I3W^LT. Ui*fH^0UT_S 

1 *v&T/2^affi-rso 

[0 2 2 3] SR7«Jy77Dy?1 4ttBiAOTOU 
T_S 1 tt» ai^fH^0UT_S 2TUt7 

h^tt^o ^CD*S^. SR7«Jy77nv7140^ 
Kttl*«»Q^6tt, tt^ifOU T_S 1 l^lelffliUx 
ra-7-( J±*<5 0%CD^D^^fg-^Q^£i5^^^^)o 

[0 2 2 4] CCOtiti^fl^-Qliv 7-f-KAy^^ay 

J:U f ^D^^iESI4^^irctoT. *6l:lgl^ffl!)D 
<**i£o L^U«ctf&, DLLSB^MCct^T, A 
^^□y^CLi:7-f - KAy £ F B hCOP^CD 
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^baM^ou t_s 1 zT-cDm&mtfmmztiZo 

[0 2 2 5] 3 ©£^13. 3©Slg5 1 2"Clis AJj<7 
□ y£CLh©{£*8^;b<fc<s LHA^^D'^CL 
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CLAIMS 



[Claim(s)] 

[Claim 1 ] In the waveform-shaping equipment which changes the wave of the input clock inputted from the outside, and is outputted 
as an output clock You input said input clock, make it delayed with the amount of delay which changes in monotone with a control 
signal, and it outputs as the 1 st delay clock. And the 1 st adjustable delay circuit which the upper limit of the amount of delay exceeds 
one period of said input clock, and is set as less than two periods, Either said input clock or said 1st delay clock is inputted. The 2nd 
adjustable delay circuit which is delayed with the amount of delay which changes maintaining less than one rate of a constant ratio to 
the amount of delay of said 1 st adjustable delay circuit according to said control signal, and is outputted as the 2nd delay clock, The 
control section which compares the phase of said input clock and said 1 st delay clock, and generates and sends out said control signal 
according to the result, SR flip-flop which a set terminal and a reset terminal are connected to the input side and output side of said 
2nd adjustable delay circuit, respectively, and outputs an output signal as said output clock, When the direction of the phase of said 1st 
delay clock is behind, a preparation and said control section Waveform-shaping equipment characterized by changing said control 
signal in the direction which the amount of delay of said 1 st adjustable delay circuit increases when said control signal is changed in 
the direction in which the amount of delay of said 1st adjustable delay circuit decreases and the direction of the phase of said 1st delay 
clock is rash. 

[Claim 2] In waveform-shaping equipment according to claim I, said control section compares the phase of said input clock and said 
1 st delay clock. A rise signal or a down signal is chosen according to whether one side is delayed on another side, or to be rash. The 
phase comparator outputted over the period which is equivalent to phase contrast for every round term of said input clock, The charge 
pump circuit which outputs alternatively forward and negative one side and another side of a current over the period when said rise 
signal and said down signal are outputted, respectively, Waveform-shaping equipment characterized by having a capacitative element, 
accumulating the current which said charge pump outputs in said capacitative element, and having the loop filter which outputs the 
electrical potential difference of the capacitative element concerned as said control signal. 

[Claim 3] In waveform-shaping equipment according to claim 1 said 1st adjustable delay circuit and said 2nd adjustable delay circuit 
Each unit delay element which has the section the first portion of the group of the unit delay element of the same configuration of that 
cascade connection was carried out, and the second half, respectively so that it may arrange in the shape of a straight line, and 
constitutes said group The inverter which transmits a signal by such short time delay that the power-source current supplied is large, 
The current source which answers a bias signal and supplies a power-source current to the inverter concerned Waveform-shaping 
equipment characterized by sharing further the single bias circuit section in which it has and said 1st adjustable delay circuit and said 
2nd adjustable delay circuit supply a common bias signal to said current source belonging to all the unit delay elements that constitute 
said group according to said control signal. 

[Claim 4] In waveform-shaping equipment according to claim 1 said 1 st adjustable delay circuit The 1st fixed delay circuit which 
outputs the train of the output signal which has the group of the 1 st unit delay element by which cascade connection was carried out, 
and is taken out for every fixed numbers [ the ] of the 1 st unit delay element concerned as the 1st signal train, Connect with said 1st 
fixed delay circuit, and the selection signal of the digital format corresponding to a binary digit is embraced out of said 1st signal train. 
The 1st selector which chooses one and is outputted as said 1 st delay clock in the sequence which the amount of delay increases to the 
ascending order or descending order of said binary digit, The 2nd fixed delay circuit where a preparation and said 2nd adjustable delay 
circuit output the train of the output signal which has the group of the 2nd unit delay element by which cascade connection was carried 
out, and is taken out every 2nd fixed numbers of the 2nd unit delay element concerned as the 2nd signal train, Connect with said 2nd 
fixed delay circuit, and said selection signal is answered out of said 2nd signal train. It is waveform-shaping equipment which chooses 
one which has the amount of delay of said fixed ratio to the amount of delay of the signal which said 1 st adjustable delay circuit 
chooses, is equipped with the 2nd selector outputted as said 2nd delay clock, and is characterized by said control section sending out 
said selection signal as said control signal. 

[Claim 5] In waveform-shaping equipment according to claim 4 said 1 st and 2nd selectors It is constituted identically mutually. 
Moreover, the connection relation to said 1st fixed delay circuit of said 1st selector, and the connection relation to said 2nd fixed delay 
circuit of said 2nd selector It is waveform-shaping equipment characterized by being set up identically mutually, constituting 
identically said 1st and 2nd unit delay element of each other, and setting up said 1st fixed numbers more greatly than said 2nd fixed 
numbers. 

[Claim 6] In waveform-shaping equipment according to claim 4 said 1 st and 2nd selectors It is constituted identically mutually. Said 
1 st and 2nd fixed delay circuit It is constituted identically mutually. Said control section Said selection signal corresponding to a 
binary digit is sent out as a parallel signal. The connection relation to said 1st fixed delay circuit of said 1st selector, and the 
connection relation to said 2nd fixed delay circuit of said 2nd selector Waveform-shaping equipment characterized by being set up 
identically mutually, shifting and carrying out connection of the wiring between one side of said 1st or 2nd fixed delay circuit, and 
said control section so that said control signal may carry out a bit shift. 

[Claim 7] In waveform-shaping equipment according to claim 4 to 6 Said control section compares the phase of said input clock and 
said 1 st delay clock. A rise signal or a down signal is chosen according to whether one side is delayed on another side, or to be rash. 
The phase comparator outputted over the period which is equivalent to phase contrast for every round term of said input clock, The 
charge pump circuit which outputs alternatively forward and negative one side and another side of a current over the period when said 
rise signal and said down signal are outputted, respectively, Have a capacitative element and the current which said charge pump 
outputs is accumulated in said capacitative element. Waveform-shaping equipment characterized by having the loop filter which 
outputs the electrical potential difference of the capacitative element concerned, and the AD converter which changes said electrical 
potential difference into the signal of the digital format corresponding to a binary digit, and is outputted as said selection signal. 
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[Claim 8] In waveform-shaping equipfraffaccording to claim 4 to 6 Said control section one side ancTanother side of said 1st delay 
clock and said input clock With D latch who is inputted into a data input terminal and a clock input terminal, respectively, updates 
according to the level of the signal of said data input terminal, and outputs for every standup to the active level of the signal of said 
clock input terminal It responds to the level of of said D latch output. With the period of said input clock The 1st counter which 
performs count-up and a count-down alternatively, Waveform-shaping equipment characterized by having the 2nd counter which said 
1 st counter synchronizes with said input clock, increases and decreases counted value, respectively overflow and whenever it carries 
out an underflow, and it sends out as said selection signal. 

[Claim 9] In waveform-shaping equipment according to claim 1 or 4, cascade connection is carried out one by one behind said 2nd 
adjustable delay circuit. And the 3rd adjustable delay circuit of N (>=1) individual where it is constituted identically to said 2nd 
adjustable delay circuit, and said control signal is inputted as a signal which controls the amount of delay, Said SR flip-flop is used as 
the 1 st SR flip-flop. To the input side and output side of M (1 <=M<=N) individual in the 3rd adjustable delay circuit of said N 
individual Waveform-shaping equipment characterized by having further the M 2nd SR flip-flops to which the set terminal and the 
reset terminal were connected, respectively. 

[Claim 1 0] There are said even N individuals in waveform-shaping equipment according to claim 9. Said M pieces are N/2 pieces. 
And said 1 st SR flip-flop and said M 2nd SR flip-flops It connects alternately in the group of the adjustable delay circuit which 
consists of a 2nd adjustable delay circuit and a 3rd adjustable delay circuit of said N individual and by which cascade connection was 
carried out. Said fixed ratio It is waveform-shaping equipment which is set as l/(N+2), and is characterized by equipping said 
waveform-shaping equipment with the OR circuit which computes and outputs the OR of the output signal of said 1st SR flip-flop and 
said M 2nd SR flip-flops further. 

[Claim 1 1] In the waveform-shaping equipment which changes the wave of the input clock inputted from the outside, and is outputted 
as an output clock The single shot pulse circuit which outputs a single shot pulse synchronizing with the standup to the active level of 
said input clock, You input said single shot pulse, make it delayed with the amount of delay which changes in monotone with a control 
signal, and it outputs as the 1st delay clock. And the 1st adjustable delay circuit which the upper limit of the amount of delay exceeds 
one period of said input clock, and is set as less than two periods, By the delay width of face which changes according to said control 
signal so that either said single shot pulse or said delay clock may be inputted and the amount of delay of the backmost signal may 
maintain less than one rate of a constant ratio to the amount of delay of said 1 st adjustable delay circuit The phase of the 2nd 
adjustable delay circuit which outputs the delay signal train which carries out sequential delay, and said single shot pulse and said 
delay clock is compared. The control section which generates and sends out said control signal according to the result, and the OR 
circuit which computes the OR of the clock inputted into said 2nd adjustable delay circuit, and said delay signal train, and is outputted 
as said output clock, When the direction of the phase of said delay clock is behind, a preparation and said control section Waveform- 
shaping equipment characterized by changing said control signal in the direction which the amount of delay of said 1st adjustable 
delay circuit increases when said control signal is changed in the direction in which the amount of delay of said 1st adjustable delay 
circuit decreases and the direction of the phase of said delay clock is rash. 

[Claim 1 2] Waveform-shaping equipment characterized by being inserted between said control sections and said 2nd adjustable delay 
circuits, superimposing an offset signal on said control signal which said control section sends out in claim 1 , claim 4, or waveform- 
shaping equipment according to claim 1 1 , and having further the offset generation section sent out to said 2nd adjustable delay circuit. 
[Claim 13] It is waveform-shaping equipment characterized by being adjustable according to the signal into which the value of said 
offset signal is inputted from the outside in waveform-shaping equipment according to claim 12. 

[Claim 14] It is waveform-shaping equipment which removes the limit of less than two periods of said input clock to the upper limit of 
the amount of delay of said 1st adjustable delay circuit in waveform-shaping equipment according to claim 13, and is characterized by 
equipping said waveform-shaping equipment with a means to set the initial value of said control signal as the value which makes said 
amount of delay min, further. 

[Claim 1 5] In the waveform-shaping equipment which changes the wave of the input clock inputted from the outside, and is outputted 
as an output clock The adjustable delay circuit where said input clock is inputted, and you make it delayed in with the amount of delay 
which changes in monotone with a control signal, it outputs as a delay clock, and the upper limit of the amount of delay is moreover 
set as less than one period of said input clock, SR flip-flop with which said input clock and said delay clock are inputted into a set 
terminal and a reset terminal, respectively, and output an output signal as said output clocks, On the other hand, the output of the 
integrator which integrates with and outputs said output clock, and the integrator concerned is connected to the input. When the value 
concerned of on the other hand an input is larger than the value of an another side input, the amount of delay of said adjustable delay 
circuit is reduced. Waveform-shaping equipment characterized by having said differential amplifier which, on the other hand, 
amplifies the difference of the value of an input and an another side input, and is outputted as said control signal in the direction which 
increases the amount of delay of said adjustable delay circuit when said value of on the other hand an input is smaller. 
[Claim 1 6] Waveform-shaping equipment characterized by having further the reference signal generation section which generates the 
signal of constant value and is inputted into said another side input in waveform-shaping equipment according to claim 15. 
[Claim 1 7] In the waveform-shaping equipment which changes the wave of the input clock inputted from the outside, and is outputted 
as an output clock The fixed delay circuit which outputs the signal train which has the group of the unit delay element by which 
cascade connection was carried out, is made to carry out sequential delay of said input clock for every fixed numbers of said unit delay 
element, and is acquired, So that it may connect with said fixed delay circuit, the selection signal of the digital format expressed with 
the binary digit may be answered and the amount of delay may have monotonous relation with said binary digit The selector which 
chooses one from said signal trains and is outputted as a delay clock, SR flip-flop with which a preparation, said input clock, and said 
delay clock are inputted into a set terminal and a reset terminal, respectively, and output an output signal as said output clocks, It 
responds to the level of said output clock. A period shorter than said input clock The 1st counter which performs count-up and a count- 
down alternatively, Said 1st counter overflow and whenever it carries out an underflow Waveform-shaping equipment characterized 
by having the 2nd counter which performs alternatively the increment in counted value, one side of reduction, and another side in the 
direction which cancels the deflection from 50% in the duty ratio of said output clock, and sends out the counted value concerned to it 
as said selection signal. 

[Claim 1 8] Waveform-shaping equipment characterized by having two single shot pulse circuits where said SR flip-flop generates a 
single shot pulse synchronizing with the standup to the active level of the clock inputted into each of said set terminal and said reset 
terminal in claim 1, claim 4, claim 15, or waveform-shaping equipment according to claim 17. 

[Claim 1 9] Waveform-shaping equipment with which said SR flip-flop is characterized by being SR flip-flop of a reset priority mold 
in claim 1, claim 4, claim 15, or waveform-shaping equipment according to claim 17. 

[Claim 20] Waveform-shaping equipment characterized by having further the single shot pulse circuit which outputs a single shot 
pulse synchronizing with the standup to the active level of said input clock inputted from the outside in claim 1, claim 4, claim 15, or 
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said waveform-shaping equipment except said single shot pulse circuit. 
[Claim 2 1 ] Waveform-shaping equipment characterized by having been transposed to the exclusive "or" circuit which said fixed ratio 
is set as one fourth, and said SR flip-flop computes the exclusive OR of the signal inputted into two input terminals, and is outputted 
as said output signal in waveform-shaping equipment according to claim 1 or 4, and transposing said set terminal and said reset 
terminal to said two input terminals. 

[Claim 22] In the clock feeder which compensates the delay produced in the process which the input clock supplied from the outside is 
amplified by the clock driver, and spreads through clock wiring further On the other hand, said input clock is inputted into an input, 
and the clock fed back from one point of said clock wiring is inputted into an another side input. The DLL equipment which shifts the 
phase of said input clock in an overdue direction or the direction brought forward, respectively, and outputs it to it, corresponding 
[ said ] to whether the phase of the clock of said another side input is [ as opposed to / on the other hand / an input ] early, or to be late, 
The clock feeder characterized by changing into constant value the duty ratio of the clock which said DLL equipment outputs, and 
having waveform-shaping equipment outputted to said clock driver. 

[Claim 23] The clock feeder to which it is characterized by said waveform-shaping equipment being claim 1, claim 4, claim 11, claim 
1 5, or waveform-shaping equipment according to claim 1 7 in a clock feeder according to claim 22. 

[Claim 24] In the clock feeder which compensates the delay produced in the process which the input clock supplied from the outside is 
amplified by the clock driver, and spreads through clock wiring further The fixed delay circuit which outputs the signal train which 
has the group of the unit delay element by which cascade connection was carried out, is made to carry out sequential delay of said 
input clock for every fixed numbers of said unit delay element, and is acquired, So that the 1st selection signal of the digital format 
expressed with the binary digit may be answered and the amount of delay may increase to a line type with said binary digit The 1st 
selector which chooses one from said signal trains and is outputted as the 1st delay clock, The 2nd selector which answers the 2nd 
selection signal of the digital format expressed with the binary digit, moreover has the same relation as said 1st selection signal, 
chooses one from said signal trains, and is outputted as the 2nd delay clock, On the other hand, said input clock is inputted into an 
input, and the clock fed back from one point of said clock wiring is inputted into an another side input. The 1st selection-signal 
generation section which it responds [ section / said ] to whether the phase of the clock of said another side input is [ as opposed to / on 
the other hand / an input ] early, or to be late, and increases or decreases said 1st selection signal, respectively, The period- 
measurement section which measures the period of said input clock, generates the selection signal selectable [ one ] which has the 
amount of delay of the one half of said period out of said signal train, and is outputted as the 3rd selection signal, The 2nd selection- 
signal generation section which adds said 3rd selection signal to said 1st selection signal, and is outputted as said 2nd selection signal, 
The clock feeder characterized by having SR flip-flop with which said 1st and 2nd delay clock is inputted into a set terminal and a 
reset terminal, respectively, and outputs an output signal to said clock driver. 

[Claim 25] In a clock feeder according to claim 24 said period-measurement section Make said fixed delay circuit into the 1st fixed 
delay circuit, and it has the group of the unit delay element by which cascade connection was carried out. The signal train which is 
made to carry out sequential delay of said input clock for every fixed numbers of said unit delay element, and is acquired is outputted. 
The 2nd fixed delay circuit as the amount of delay of the signal train of said 1 st fixed delay circuit where the amount of delay of the 
signal train concerned is moreover the same, The 3rd selector which answers the 4th selection signal of the digital format expressed 
with the binary digit, moreover has the same relation as said 1st selection signal, chooses one from said signal trains, and is outputted 
as the 3rd delay clock, On the other hand, said input clock is inputted into an input, and said 3rd delay clock is inputted into an another 
side input. The 4th selection-signal generation section which it responds [ section / said ] to whether the phase of the clock of said 
another side input is [ as opposed to / on the other hand / an input ] early, or to be late, and increases or decreases said 4th selection 
signal, respectively, The clock feeder characterized by having the divider which changes said 4th selection signal into the value of the 
one half as a binary digit, and outputs it as said 3rd selection signal. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the waveform-shaping equipment which changes the duty ratio of a clock signal, a 
frequency, etc., and the clock feeder which DLL equipment is combined with waveform-shaping equipment, and changes. 
[0002] 

[Description of the Prior Art] By only the time amount which does not fill 1 clock period with an external clock a little by the 
adjustable delay circuit making it delayed, and offsetting the delay generated in a clock driver etc., DLL (Delay Locked Loop) 
equipment is almost in phase as substantially as an external clock, and is equipment which supplies an internal clock. Since it operates 
so that how many minutes short delay and the delay produced in a clock driver etc. may be added and it may become 1 clock period 
from 1 clock period exactly, it seems that the internal clock is supplied without delay. 

[0003] Drawing 47 is the block diagram showing the configuration of the conventional clock feeder using DLL equipment used as the 
background of this invention, drawing 47 — setting — 1 — DLL equipment and 3 — a clock driver and 4 — clock wiring and 6 — a clock 
input terminal and 201 - an adjustable delay circuit and 202 — a phase comparator and 203 — for a clock feeder and CL, an input 
clock (external clock) and OUT_D are [ a charge pump circuit and 204 / a loop filter and 55 1 / a control signal and FB of an output 
clock and Vc ] feedback clocks. 

[0004] The equipment part which receives supply of a clock through the clock wiring 4 is integrated by the single semiconductor chip 
in usual. Moreover, it is usually that DLL equipment 1 and the clock driver 3 are similarly made in the same semiconductor chip. 
[0005] Drawing 48 is the circuit diagram showing the example of a configuration of the conventional common knowledge of a phase 
comparator 202. This example is the phase frequency comparator of the Motorola mold. In drawing 48 , the output signal of SR flip- 
flop with which N1-N9 consist of N AND circuits, and Q1-Q4 consist of N AND circuits Nl-N 8, and UP* is [ down signal and 
RESET* of a rise signal and DWN* ] reset signals. 

[0006] The signal wave form of each part accompanying actuation of the equipment of drawing 48 is shown in the timing chart of 
drawing 49 . the period which is equivalent to phase contrast when the phase of the feedback clock FB is delayed to the phase of input- 
clock CL, as shown in drawing 49 — crossing — rise signal UP* — being active (in this case, value "0") — it becomes. On the contrary, 
if the phase of the feedback clock FB is rash to the phase of input-clock CL, down signal DWN* will become active over the period 
equivalent to phase contrast. 

[0007] Drawing 50 is the state transition diagram of the equipment of drawing 48 . If the idle state to which rise signal UP* or down 
signal DWN* is not outputted, either is left and input-clock CL starts as shown in drawing 50 , rise signal UP* will become active, if 
the feedback clock FB starts after that, it will be reset, and it returns to an idle state. When the direction of the feedback clock FB starts 
previously, contrary to this, down signal DWN* becomes active. 

[0008] Drawing 5 1 is the circuit diagram showing the example of a configuration of the conventional common knowledge of the 
charge pump circuit 203 and a loop filter 204. In drawing 5 1 , 21 1 ,212 is a current to which a PMOS transistor and the current to 
which in an NMOS transistor and 215 a capacitative element supplies a resistance element and 217, and, as for an inverter and 216, a 
current source 21 1 supplies [ 214 ] Icpl supply a current source and 213, and a current source 212 supplies Icp2. 
[0009] Drawing. 52 is the circuit diagram showing the configuration of a current source 21 1. In drawing 52 , it is the source of bias to 
which 221 supplies a PMOS transistor to the PMOS transistor 221, and 222 supplies bias voltage. 

[0010] D rawing 53 is the circuit diagram showing the configuration of a current source 212. In drawing 53 , it is the source of bias to 
which 223 supplies an NMOS transistor to the NMOS transistor 223, and 224 supplies bias voltage. Supply of the bias voltage by the 
source 222,224 of bias is performed so that currents Icpl and Icp2 may become equal mutually. 

[001 1] It returns to drawing 51 , when active, the PMOS transistor 213 turns [ rise signal UP* ] on, the current Icpl which a current 
source 211 supplies is supplied to a loop filter 204, and a capacitative element 21 6 is charged. On the contrary, when active, the 
NMOS transistor 214 turns [ down signal DWN* ] on, and a capacitative element 216 discharges according to the current Icp2 which a 
current source 212 supplies. 

[0012] That is, rise signal UP* and down signal DWN* supply mutually the currents Icpl and Icp2 to which the charge pump circuit 
203 is set by the current source 2 1 1 ,2 1 2 to hard flow only for an active period to a loop filter 204. This is called a current packet The 
current packet of such positive/negative is accumulated by the capacitative element 216 with which a loop filter 204 is equipped. 
[0013] Drawing 5 4 is the circuit diagram showing the example of a configuration of the conventional common knowledge of the 
adjustable delay circuit 201 . For 232, as for an NMOS transistor and 234,236,244, in drawing 54 , a resistance element and 
233,235,243 are [ a PMOS transistor and 245 ] inverters. Input-clock CL is inputted into the first rank of the inverter 245 by which 
cascade connection was carried out, and output clock OUTD is outputted from the last stage. A time delay is accumulated whenever 
input-clock CL spreads one step of inverter 245 at a time. 

[0014] And the current which flows a resistance element 232 with a control signal Vc is adjusted, and the magnitude of this current is 
reflected in the magnitude of the current which flows MOS transistor 243,244 by the current Miller circuit which consists of a PMOS 
transistor 234,236 and an NMOS transistor 235,243, respectively. These MOS transistors 243,244 function as a current source of an 
inverter 245. 

[0015] That is, the power-source current of each inverter 245 is adjusted by the control signal Vc. A power-source current becomes 
large, so that the electrical potential difference of a control signal Vc is high. And the time delay of the clock which passes an inverter 
245 becomes short, so that the current supplied to an inverter 245 is high. That is, the amount of delay of output clock OUT_D to 
input-clock CL becomes short, so that the electrical potential difference of a control signal Vc is high. 

[001 6] It returns to drawing 47 , and input-clock CL inputted through the clock input terminal 6 is delayed by DLL equipment 1 , and 
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. After this output clock OUT D is amplified by the clock driver 3, it i; 



is outputted as output clock OUT_D. Alter this output clock OUT D is amplified by the clock driver 3, it is sent out to the clock 
wiring 4. 

[001 7] The clock wiring 4 is making the gestalt of a clock tree in usual. And the clock of the point of the in-between skew of a clock 
tree is picked up as a feedback clock FB, and is fed back to the phase comparator 202 of DLL equipment 1 . 
[001 8] If the phase of the feedback clock FB is late for the phase of input-clock CL, a phase comparator 202 will output rise signal 
UP* over the period which is equivalent to phase contrast for every period of input-clock CL. According to it, the charge pump circuit 
203 sends a forward current packet into a loop filter 204. Consequently, the control signal Vc which a loop filter 204 outputs goes up. 
Then, in the adjustable delay circuit 201, the amount of delay decreases, the phase of output clock OUT_D is rash, and the phase of the 
feedback clock FB approaches the phase of input-clock CL. 

[001 9] On the contrary, if the phase of the feedback clock FB is rash from the phase of input-clock CL, a phase comparator 202 will 
output down signal DWN* over the period which is equivalent to phase contrast for every period of input-clock CL. According to it, 
the charge pump circuit 203 sends a negative current packet into a loop filter 204. Consequently, the control signal Vc which a loop 
filter 204 outputs descends. Then, in the adjustable delay circuit 201 , the amount of delay increases and, as for the phase of delay and 
the feedback clock FB, the phase of output clock OUT_D approaches the phase of input-clock CL. 

[0020] If the phase of the feedback clock FB is in agreement with the phase of input-clock CL, since a phase comparator 202 does not 
output rise signal UP* or down signal DWN*, either but suspends supply of the current packet to a loop filter 204, a control signal Vc 
will not change. Therefore, it converges on the phase of input-clock CL, and phase contrast is stabilized by the phase of the feedback 
clock FB in a zero state. Coincidence of this phase is coincidence on appearance, and is late by one period of input-clock CL correctly. 
However, it is equivalent to phase contrast being zero practically. 
[0021] 

[Problem(s) to be Solved by the Invention] As mentioned above, the conventional clock feeder equipped with DLL equipment 
achieves the function to compensate the time delay of a clock, and, as for the duty ratio relevant to the wave of a clock, the value of 
input-clock CL is told as it is to the clock wiring 4. 

[0022] By the way, what operates in the standup of a clock, and the thing which operates in falling may be intermingled among 
various equipment parts which receive supply of a clock through the clock wiring 4. In this case, as for the duty ratio of a clock, it is 
desirable that it is 50%. As an example applicable to this, the case where the flip-flop of an edge trigger and the macro block (for 
example, circuit block whose hardware scales, such as RAM, FIFO, and ALU, realize a specific, fairly large function) of RAM etc. are 
intermingled is mentioned. 

[0023] It is assumed that the duty ratio of the clock supplied when the equipment part to which the operation started from the standup 
of a clock is latched in falling of a clock, and the equipment part which carries out the reverse actuation are intermingled is 30%. Then, 
what is necessary will be just to calculate calmly in the latter equipment part in the former equipment part at 70% of time amount of a 
clock period to having to finish an operation with 30% of time amount of a clock period. 

[0024] If both amount of operations is the same, rate-limiting [ of the highest working speed of the whole equipment ] will be carried 
out by the die length of the period whose clock is value "1" (high-level), i.e., 30% of die length of a period. On the other hand, if the 
duty ratio of a clock is 50%, it will become possible to adopt a high clock frequency compared with the case where it is 30%. That is, 
it becomes possible to operate the whole equipment at a higher rate. Therefore, it is desirable to serve and equip the clock feeder which 
has DLL equipment with the waveform-shaping function to change the duty ratio of a clock to 50%. 

[0025] Since it is not easy to make this reflect in a design positively for every equipment part being conscious of the operation of the 
period whose clock is value "1 ", and the operation of the period which is value "0" (low level), in usual, as described above, it is 
adopting the clock of 50% of duty ratios, and the margin on a design will be obtained most. However, if there is a clock feeder by the 
duty ratio of the clock supplied from the outside of a circuit from which a desired duty ratio is obtained ** supposing it can constitute 
a circuit so that actuation of the maximum high speed may be attained when the duty ratio of a clock is in specific values other than 
50%, it will become possible to raise the working speed of a circuit to the maximum at one cup of potentia. 

[0026] Moreover, the equipment which needs the clock with which phases differ for every equipment part, and the equipment which 
needs further the clock with which frequencies differ also exist. However, in the conventional clock feeder which has the function to 
compensate a phase shift, the clock feeder equipped with the waveform-shaping function to change the duty ratio of the clock supplied 
from the outside, a frequency, the number of phases, etc. was not known in the former. 

[0027] This invention was made in order to cancel the above-mentioned trouble in conventional equipment, it is equipped with a 
waveform-shaping function with the function to compensate the phase shift of a clock, and aims at offering the clock feeder which can 
raise the working speed of the equipment which receives supply of a clock by that, and the waveform-shaping equipment suitable for 
this clock feeder. 
[0028] 

[Means for Solving the Problem] In the waveform-shaping equipment which the equipment of the 1 st invention changes the wave of 
the input clock inputted from the outside, and is outputted as an output clock You input said input clock, make it delayed with the 
amount of delay which changes in monotone with a control signal, and it outputs as the 1st delay clock. And the 1st adjustable delay 
circuit which the upper limit of the amount of delay exceeds one period of said input clock, and is set as less than two periods, Either 
said input clock or said 1 st delay clock is inputted. The 2nd adjustable delay circuit which is delayed with the amount of delay which 
changes maintaining less than one rate of a constant ratio to the amount of delay of said 1st adjustable delay circuit according to said 
control signal, and is outputted as the 2nd delay clock, The control section which compares the phase of said input clock and said 1st 
delay clock, and generates and sends out said control signal according to the result, SR flip-flop which a set terminal and a reset 
terminal are connected to the input side and output side of said 2nd adjustable delay circuit, respectively, and outputs an output signal 
as said output clock, When the direction of the phase of said 1st delay clock is behind, a preparation and said control section When 
said control signal is changed in the direction in which the amount of delay of said 1st adjustable delay circuit decreases and the 
direction of the phase of said 1st delay clock is rash, it is characterized by changing said control signal in the direction which the 
amount of delay of said 1st adjustable delay circuit increases. 

[0029] In the waveform-shaping equipment of the 1st invention, as for the equipment of the 2nd invention, said control section 
compares the phase of said input clock and said 1 st delay clock. A rise signal or a down signal is chosen according to whether one side 
is delayed on another side, or to be rash. The phase comparator outputted over the period which is equivalent to phase contrast for 
every round term of said input clock, The charge pump circuit which outputs alternatively forward and negative one side and another 
side of a current over the period when said rise signal and said down signal are outputted, respectively, It is characterized by having a 
capacitative element, accumulating the current which said charge pump outputs in said capacitative element, and having the loop filter 
which outputs the electrical potential difference of the capacitative element concerned as said control signal. 

[0030] The equipment of the 3rd invention is set to the waveform-shaping equipment of the 1st invention. Said 1st adjustable delay 
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circuit and said 2nd adjustable delay circuit Each unit delay element which has the section the first portion of the group of the unit 
delay element of the same configuration of that cascade connection was carried out, and the second half, respectively so that it may 
arrange in the shape of a straight line, and constitutes said group The inverter which transmits a signal by such short time delay that the 
power-source current supplied is large, The current source which answers a bias signal and supplies a power-source current to the 
inverter concerned It has and is characterized by sharing further the single bias circuit section in which said 1st adjustable delay circuit 
and said 2nd adjustable delay circuit supply a common bias signal to said current source belonging to all the unit delay elements that 
constitute said group according to said control signal. 

[003 1 ] The equipment of the 4th invention is set to the waveform-shaping equipment of the 1st invention. Said 1 st adjustable delay 
circuit The 1st fixed delay circuit which outputs the train of the output signal which has the group of the 1st unit delay element by 
which cascade connection was carried out, and is taken out for every fixed numbers [ the ] of the 1st unit delay element concerned as 
the 1 st signal train, Connect with said 1 st fixed delay circuit, and the selection signal of the digital format corresponding to a binary 
digit is embraced out of said 1st signal train. The 1st selector which chooses one and is outputted as said 1st delay clock in the 
sequence which the amount of delay increases to the ascending order or descending order of said binary digit, The 2nd fixed delay 
circuit where a preparation and said 2nd adjustable delay circuit output the train of the output signal which has the group of the 2nd 
unit delay element by which cascade connection was carried out, and is taken out every 2nd fixed numbers of the 2nd unit delay 
element concerned as the 2nd signal train, Connect with said 2nd fixed delay circuit, and said selection signal is answered out of said 
2nd signal train. One which has the amount of delay of said fixed ratio to the amount of delay of the signal which said 1 st adjustable 
delay circuit chooses is chosen, it has the 2nd selector outputted as said 2nd delay clock, and said control section is characterized by 
sending out said selection signal as said control signal. 

[0032] The equipment of the 5th invention is set to the waveform-shaping equipment of the 4th invention. Said 1st and 2nd selectors It 
is constituted identically mutually. Moreover, the connection relation to said 1st fixed delay circuit of said 1st selector, and the 
connection relation to said 2nd fixed delay circuit of said 2nd selector It is set up identically mutually, said 1st and 2nd unit delay 
element of each other is constituted identically, and it is characterized by setting up said 1st fixed numbers more greatly than said 2nd 
fixed numbers. 

[0033] The equipment of the 6th invention is set to the waveform-shaping equipment of the 4th invention. Said 1st and 2nd selectors It 
is constituted identically mutually. Said 1 st and 2nd fixed delay circuit It is constituted identically mutually. Said control section Said 
selection signal corresponding to a binary digit is sent out as a parallel signal. The connection relation to said 1st fixed delay circuit of 
said 1 st selector, and the connection relation to said 2nd fixed delay circuit of said 2nd selector It is set up identically mutually and 
characterized by shifting and carrying out connection of the wiring between one side of said 1st or 2nd fixed delay circuit, and said 
control section so that said control signal may carry out a bit shift. 

[0034] The equipment of the 7th invention is set to the 4th thru/or the waveform-shaping equipment of the 6th one of invention. Said 
control section compares the phase of said input clock and said 1st delay clock. A rise signal or a down signal is chosen according to 
whether one side is delayed on another side, or to be rash. The phase comparator outputted over the period which is equivalent to 
phase contrast for every round term of said input clock, The charge pump circuit which outputs alternatively forward and negative one 
side and another side of a current over the period when said rise signal and said down signal are outputted, respectively, Have a 
capacitative element and the current which said charge pump outputs is accumulated in said capacitative element. It is characterized by 
having the loop filter which outputs the electrical potential difference of the capacitative element concerned, and the AD converter 
which changes said electrical potential difference into the signal of the digital format corresponding to a binary digit, and is outputted 
as said selection signal. 

[0035] The equipment of the 8th invention is set to the 4th thru/or the waveform-shaping equipment of the 6th one of invention. Said 
control section one side and another side of said 1st delay clock and said input clock With D latch who is inputted into a data input 
terminal and a clock input terminal, respectively, updates according to the level of the signal of said data input terminal, and outputs 
for every standup to the active level of the signal of said clock input terminal It responds to the level of of said D latch output. With 
the period of said input clock The 1st counter which performs count-up and a count-down alternatively, Overflow and whenever it 
carries out an underflow, said 1 st counter synchronizes with said input clock, increases and decreases counted value, respectively, and 
it is characterized by having the 2nd counter sent out as said selection signal. 

[0036] The equipment of the 9th invention is set to the 1st or the waveform-shaping equipment of the 4th invention. The 3rd adjustable 
delay circuit of N (>=1) individual where cascade connection is carried out one by one behind said 2nd adjustable delay circuit, it is 
moreover constituted identically to said 2nd adjustable delay circuit, and said control signal is inputted as a signal which controls the 
amount of delay, Said SR flip-flop is used as the 1 st SR flip-flop, and it is characterized by having further the M 2nd SR flip-flops by 
which the set terminal and the reset terminal were connected to the input side and output side of M (1 <=M<=N) individual in the 3rd 
adjustable delay circuit of said N individual, respectively. 

[0037] In the waveform-shaping equipment of the 9th invention, there are said even N individuals of the equipment of the 10th 
invention. Said M pieces are N/2 pieces. And said 1 st SR flip-flop and said M 2nd SR flip-flops It connects alternately in the group of 
the adjustable delay circuit which consists of a 2nd adjustable delay circuit and a 3rd adjustable delay circuit of said N individual and 
by which cascade connection was carried out. Said fixed ratio It is set as l/(N+2), and said waveform-shaping equipment is 
characterized by having further the OR circuit which computes and outputs the OR of the output signal of said 1st SR flip-flop and 
said M 2nd SR flip-flops. 

[0038] In the waveform-shaping equipment which the equipment of the 1 1th invention changes the wave of the input clock inputted 
from the outside, and is outputted as an output clock The single shot pulse circuit which outputs a single shot pulse synchronizing with 
the standup to the active level of said input clock, You input said single shot pulse, make it delayed with the amount of delay which 
changes in monotone with a control signal, and it outputs as the 1 st delay clock. And the 1 st adjustable delay circuit which the upper 
limit of the amount of delay exceeds one period of said input clock, and is set as less than two periods, By the delay width of face 
which changes according to said control signal so that either said single shot pulse or said delay clock may be inputted and the amount 
of delay of the backmost signal may maintain less than one rate of a constant ratio to the amount of delay of said 1st adjustable delay 
circuit The phase of the 2nd adjustable delay circuit which outputs the delay signal train which carries out sequential delay, and said 
single shot pulse and said delay clock is compared. The control section which generates and sends out said control signal according to 
the result, and the OR circuit which computes the OR of the clock inputted into said 2nd adjustable delay circuit, and said delay signal 
train, and is outputted as said output clock, When the direction of the phase of said delay clock is behind, a preparation and said 
control section When said control signal is changed in the direction in which the amount of delay of said 1st adjustable delay circuit 
decreases and the direction of the phase of said delay clock is rash, it is characterized by changing said control signal in the direction 
which the amount of delay of said 1 st adjustable delay circuit increases. 

[0039] The equipment of the 12th invention is characterized by being inserted between said control sections and said 2nd adjustable 



http://wvvw4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 10/6/2005 



JP,09-321614,A [DETAILED DESCRIPTION] Page 4 of 16 



set signal on said control signal which said control section sends out, a 



delay circuits, superimposing an offsetsignal on said control signal which said control section sends out, and having further the offset 
generation section sent out to said 2nd adjustable delay circuit in the 1st, the 4th, or the waveform-shaping equipment of the 1 1th 
invention. 

[0040] The equipment of the 1 3th invention is characterized by the value of said offset signal being adjustable according to the signal 
inputted from the outside in the waveform-shaping equipment of the 12th invention. 

[0041] In the waveform-shaping equipment of the 1 3th invention, the equipment of the 14th invention removes the limit of less than 
two periods of said input clock to the upper limit of the amount of delay of said 1st adjustable delay circuit, and is characterized by 
having further a means to set the initial value of said control signal as the value which makes said amount of delay min. 
[0042] In the waveform- shaping equipment which the equipment of the 15th invention changes the wave of the input clock inputted 
from the outside, and is outputted as an output clock The adjustable delay circuit where said input clock is inputted, and you make it 
delayed in with the amount of delay which changes in monotone with a control signal, it outputs as a delay clock, and the upper limit 
of the amount of delay is moreover set as less than one period of said input clock, SR flip-flop with which said input clock and said 
delay clock are inputted into a set terminal and a reset terminal, respectively, and output an output signal as said output clocks, On the 
other hand, the output of the integrator which integrates with and outputs said output clock, and the integrator concerned is connected 
to the input. When the value concerned of on the other hand an input is larger than the value of an another side input, the amount of 
delay of said adjustable delay circuit is reduced. It is characterized by having said differential amplifier which, on the other hand, 
amplifies the difference of the value of an input and an another side input, and is outputted as said control signal in the direction which 
increases the amount of delay of said adjustable delay circuit when said value of on the other hand an input is smaller. 
[0043] The equipment of the 1 6th invention is characterized by having further the reference signal generation section which generates 
the signal of constant value and is inputted into said another side input in the waveform-shaping equipment of the 15th invention. 
[0044] In the waveform-shaping equipment which the equipment of the 1 7th invention changes the wave of the input clock inputted 
from the outside, and is outputted as an output clock The fixed delay circuit which outputs the signal train which has the group of the 
unit delay element by which cascade connection was carried out, is made to carry out sequential delay of said input clock for every 
fixed numbers of said unit delay element, and is acquired, So that it may connect with said fixed delay circuit, the selection signal of 
the digital format expressed with the binary digit may be answered and the amount of delay may have monotonous relation with said 
binary digit The selector which chooses one from said signal trains and is outputted as a delay clock, SR flip-flop with which a 
preparation, said input clock, and said delay clock are inputted into a set terminal and a reset terminal, respectively, and output an 
output signal as said output clocks, It responds to the level of said output clock. A period shorter than said input clock The 1st counter 
which performs count-up and a count-down alternatively, Said 1st counter overflow and whenever it carries out an underflow It is 
characterized by having the 2nd counter which performs alternatively the increment in counted value, one side of reduction, and 
another side in the direction which cancels the deflection from 50% in the duty ratio of said output clock, and sends out the counted 
value concerned to it as said selection signal. 

[0045] The equipment of the 1 8th invention is characterized by having two single shot pulse circuits where said SR flip-flop generates 
a single shot pulse synchronizing with the standup to the active level of the clock inputted into each of said set terminal and said reset 
terminal in the 1 st, the 4th, the 1 5th, or the waveform-shaping equipment of the 17th invention. 

[0046] The equipment of the 1 9th invention is characterized by said SR flip-flop being an SR flip-flop of a reset priority mold in the 
1 st, the 4th, the 1 5th, or the waveform-shaping equipment of the 1 7th invention. 

[0047] In the 1 st, the 4th, the 1 5th, or the waveform-shaping equipment of the 17th invention, the equipment of the 20th invention is 
further equipped with the single shot pulse circuit which outputs a single shot pulse synchronizing with the standup to the active level 
of said input clock inputted from the outside, and is characterized by supplying said single shot pulse instead of said input clock in 
each part of said waveform-shaping equipment except said single shot pulse circuit. 

[0048] The equipment of the 21 st invention is characterized by setting said fixed ratio as one fourth, having been transposed to the 
exclusive "or" circuit which said SR flip-flop computes the exclusive OR of the signal inputted into two input terminals, and outputs as 
said output signal, and transposing said set terminal and said reset terminal to said two input terminals in the 1st or the waveform- 
shaping equipment of the 4th invention. 

[0049] In the clock feeder which the input clock to which the equipment of the 22nd invention was supplied from the outside 
compensates for the delay which arises in the process which it is amplified by the clock driver and is farther spread through clock 
wiring On the other hand, said input clock is inputted into an input, and the clock fed back from one point of said clock wiring is 
inputted into an another side input. The DLL equipment which shifts the phase of said input clock in an overdue direction or the 
direction brought forward, respectively, and outputs it to it, corresponding [ said ] to whether the phase of the clock of said another 
side input is [ as opposed to / on the other hand / an input ] early, or to be late, It is characterized by changing into constant value the 
duty ratio of the clock which said DLL equipment outputs, and having waveform-shaping equipment outputted to said clock driver. 
[0050] The equipment of the 23rd invention is characterized by said waveform-shaping equipment being the 1st, the 4th, the 1 1th, the 
1 5th, or waveform-shaping equipment of the 1 7th invention in the clock feeder of the 22nd invention. 

[005 1] In the clock feeder which the input clock to which the equipment of the 24th invention was supplied from the outside 
compensates for the delay which arises in the process which it is amplified by the clock driver and is further spread through clock 
wiring The fixed delay circuit which outputs the signal train which has the group of the unit delay element by which cascade 
connection was carried out, is made to carry out sequential delay of said input clock for every fixed numbers of said unit delay 
element, and is acquired, So that the 1 st selection signal of the digital format expressed with the binary digit may be answered and the 
amount of delay may increase to a line type with said binary digit The 1 st selector which chooses one from said signal trains and is 
outputted as the 1st delay clock, The 2nd selector which answers the 2nd selection signal of the digital format expressed with the 
binary digit, moreover has the same relation as said 1 st selection signal, chooses one from said signal trains, and is outputted as the 
2nd delay clock, On the other hand, said input clock is inputted into an input, and the clock fed back from one point of said clock 
wiring is inputted into an another side input. The 1st selection-signal generation section which it responds [ section / said ] to whether 
the phase of the clock of said another side input is [ as opposed to / on the other hand / an input ] early, or to be late, and increases or 
decreases said 1st selection signal, respectively, The period-measurement section which measures the period of said input clock, 
generates the selection signal selectable [ one ] which has the amount of delay of the one half of said period out of said signal train, 
and is outputted as the 3rd selection signal, The 2nd selection-signal generation section which adds said 3rd selection signal to said 1st 
selection signal, and is outputted as said 2nd selection signal, Said 1 st and 2nd delay clock is inputted into a set terminal and a reset 
terminal, respectively, and is characterized by having SR flip-flop which outputs an output signal to said clock driver. 
[0052] The equipment of the 25th invention is set to the clock feeder of the 24th invention. Said period-measurement section makes 
said fixed delay circuit the 1 st fixed delay circuit, and has the group of the unit delay element by which cascade connection was 
carried out. The signal train which is made to carry out sequential delay of said input clock for every fixed numbers of said unit delay 
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element, and is acquired is outputted. ine 2nd fixed delay circuit as the amount of delay of the signal train of said 1st fixed delay 
circuit where the amount of delay of the signal train concerned is moreover the same, The 3rd selector which answers the 4th selection 
signal of the digital format expressed with the binary digit, moreover has the same relation as said 1st selection signal, chooses one 
from said signal trains, and is outputted as the 3rd delay clock, On the other hand, said input clock is inputted into an input, and said 
3rd delay clock is inputted into an another side input The 4th selection-signal generation section which it responds [ section / said ] to 
whether the phase of the clock of said another side input is [ as opposed to / on the other hand / an input ] early, or to be late, and 
increases or decreases said 4th selection signal, respectively, It is characterized by having the divider which changes said 4th selection 
signal into the value of the one half as a binary digit, and outputs it as said 3rd selection signal. 
[0053] 

[Embodiment of the Invention] 

<Gestalt 1 of 1 . operation> drawing 2 is the block diagram showing the configuration of the clock feeder of the gestalt 1 of operation. 
In addition, in the following drawings, conventionally, the same sign shown in drawing 47 - drawing 54 is given to the same part as 
equipment, and the detailed explanation is abbreviated to it. 

[0054] In drawing 2 , the output clock with which DLL equipment, the input clock as which clock wiring, the input clock (external 
clock) into which feedback wiring and 8 ire inputted into for a clock input terminal and 7, and clock driver input wiring and CL are 
inputted [ 6 ] for DLL equipment output wiring and 9 from the outside, and FB are inputted into a feedback clock, and IN is inputted 
[ 2 / waveform-shaping equipment and 3 ] into waveform-shaping equipment 2 for a clock driver and 4, and OUT are outputted from 
waveform-shaping equipment 2 for 1, and 501 are clock feeders. 

[0055] Moreover, 5 is object equipment (system) which operates synchronizing with the clock which is connected to the clock feeder 
501 and supplied from the clock feeder 501 . Object equipment 5 is equipped with much latches L who operate synchronizing with a 
clock as shown in drawing 1 . With the large component of scales, such as LSI, Latch's L numbers are usually thousands thru/or more 
than it. For this reason, the clock wiring 4 is making the gestalt of a clock tree in usual. 

[0056] As DLL equipment 1 and the clock driver 3 were shown in drawing 47 , all are well-known equipment conventionally. 
Moreover, waveform-shaping equipment 2 is constituted as a duty ratio recovery device which changes into a clock with 50% of duty 
ratio the input clock IN which has the duty ratio of arbitration. Therefore, the clock which has 50% of duty ratio is supplied to object 
equipment 5 from the clock feeder 501. 

[0057] Furthermore, the clock signal is returned to one of the 2 inputs of DLL equipment 1 as a feedback clock FB from one in the 
clock wiring 4. Namely, in the clock feeder 501 , as for the conventional clock feeder 551, it differs characteristic in that waveform- 
shaping equipment 2 is inserted between DLL equipment 1 and the clock driver 3. 

[0058] The signal wave form of each part of this clock feeder 501 is shown in the timing chart of drawing 3 . In drawing 3 , T is the 
period of input-clock CL. After an input clock IN is shaped in waveform by work of waveform-shaping equipment 2 so that a duty 
ratio may become 50%, it is outputted as an output clock OUT. Consequently, the duty ratio of the feedback clock FB, i.e., the clock in 
one point of the clock wiring 4, is also changed to 50%. 

[0059] And the phase of the feedback clock FB is in agreement with the phase and equivalence target of input-clock CL with work of 
DLL equipment 1 . In the example of drawing 3 , the feedback clock FB is late by two periods for input-clock CL, and equivalent 
phase contrast is canceled. 

[0060] As mentioned above, the duty ratio of a clock is recovered to 50%, without spoiling the delay compensation function by DLL 
equipment 1 , since it consists of clock feeders 501 as waveform-shaping equipment 2 was inserted into the loop formation of DLL 
equipment 1 . And there are advantages also including delay of the clock produced with waveform-shaping equipment 2 that delay 
between input-clock CL and the feedback clock FB is canceled equivalent. 

[0061 ] Since the clock with which delay compensation was moreover made for the duty ratio at 50% is supplied to object equipment 5 
by using the clock feeder 501 , when it has the equipment part which synchronizes with the equipment part with which the object 
equipment 5 which needs delay compensation synchronizes with the standup of a clock, and falling, the working speed can be raised. 
[0062] <Gestalt 2 which is 2. operation> Below, the waveform-shaping equipment of the gestalt 2 of operation is explained. 
[0063] <Whole> 2-1 . equipment drawing 1 is the block diagram showing the configuration of the waveform-shaping equipment of the 
gestalt 2 of operation. This waveform-shaping equipment 502 is constituted as a duty ratio recovery device which changes and outputs 
the duty ratio of an input clock to 50%, and fits the use as waveform-shaping equipment 2 of the clock feeder 501 mentioned above. 
[0064] As shown in drawing 1 , equipment 502 is mainly constituted by the analog circuit, drawing 1 - setting - 10 — a clock input 
terminal and 11 - the 1st adjustable delay circuit and 12 — the 2nd adjustable delay circuit and 13 - a control section and 14 - SR 
flip-flop and 15 - a phase comparator and 16 - for a control signal line and 19, a clock output terminal and Vin are [ a charge pump 
circuit and 1 7 / a loop filter and 1 8 / the output clock of the 1 st delay circuit 1 1 and OUT_B of a control signal and OUT_A ] the 
output clocks of the 2nd delay circuit 12. 

[0065] The control signal Vin which a loop filter 1 7 outputs is inputted common to the both sides of the 1st adjustable delay circuit 1 1 
and the 2nd adjustable delay circuit 12. And the 1st adjustable delay circuit 1 1 delays the input clock IN inputted from the clock input 
terminal 1 0 with the amount of delay according to a control signal Vin, and is outputted as output clock OUT_A. Similarly, output 
clock OUT_A inputted is further delayed with the amount of delay according to a control signal Vin, and the 2nd adjustable delay 
circuit 1 2 outputs it as output clock OUT_B. 

[0066] And these 1st adjustable delay circuit 1 1 and the 2nd adjustable delay circuit 12 consist of under the control signal Vin of the 
same magnitude so that the amount of delay of the 2nd adjustable delay circuit 12 may always serve as half [ of the amount of delay of 
the 1st adjustable delay circuit 1 1 ]. namely, - between the amount delay of delay of the 1st adjustable delay circuit 1 1 (A), and the 
amounts delay of delay of the 2nd adjustable delay circuit 12 (B) - always - (delay(A) =2 and delay (B)} .... (formula 1) - the 
relation of ** is maintained. Furthermore, the amount of maximum adjustable delay of the 1 st adjustable delay circuit 1 1 is larger than 
the clock period (for example, if it is a 1 00MHz clock 1 0ns) of an input clock IN, and it is set up so that it may moreover become 
under 2 double [ of a period ]. 

[0067] The phase comparator 15 with which a control section 13 is equipped, the charge pump circuit 16, and a loop filter 17 are 
equipment parts which operate conventionally like the phase comparator 202 in equipment 55 1, the charge pump circuit 203, and a 
loop filter 204, respectively. A phase comparator 1 5 compares a phase between an input clock IN and output clock OUT_A, and sends 
out the rise signal UP or the down signal DWN according to the result. 

[0068] These rise signals UP and the down signal DWN are changed into a current packet, and the charge pump circuit 16 outputs 
them to a loop filter 1 7. A loop filter 17 outputs the voltage signal corresponding to the amount of addition of the inputted current 
packet as a control signal Vin. 

[0069] Output clock OUT_A is inputted into the set terminal SET of the SR flip-flop 14, and output clock OUT_B is inputted into the 
reset terminal RST. And the output of the noninverting output terminal Q of the SR flip-flop 14 is outputted to the exterior as an output 
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clock OUT through the clock output terminal 19. In addition, SR flip-flop of reset priority is used for the SR flip-flop 14. 
[0070] Draw ing 4 is a timing chart which shows the signal wave form of each part of waveform-shaping equipment 502. In drawing 
4 , T is the period of an input clock IN. The clock which generally has the duty ratio which is not necessarily 50% as an input clock IN 
is inputted. 

[0071] Since the control signal Vin which an input clock IN and output clock OUT A are inputted into a control section 13, and a 
control section 13 outputs to it is outputted to the 1 st adjustable delay circuit 1 1, the 1st adjustable delay circuit 1 1 and a control 
section 1 3 constitute a kind of DLL equipment. For this reason, a phase is in agreement seemingly between output clock OUT_A and 
an input clock IN. 

[0072] Since the amount of maximum adjustable delay of the 1st adjustable delay circuit 1 1 is set as the following by two periods of 
an input clock IN, output clock OUT_A is delayed from an input clock IN by one period (=T), and equivalent coincidence of a phase 
is obtained. And the amount of delay of the 2nd adjustable delay circuit 12 serves as half [ of a period T ] (= T/2) according to the 
relation of a formula 1 . 

[0073] The SR flip-flop 14 is set synchronizing with the standup (transition to 0-1) of output clock OUT_A, and is reset synchronizing 
with the standup of output clock OUT_B. For this reason, it starts synchronizing with the standup of output clock OUT_A, the output 
OUT, i.e., the output clock, of the noninverting output terminal Q, and it falls synchronizing with the standup of output clock OUT_B 
(it changes to 1 -0). Consequently, the standup period (period which is 1) of the output clock OUT serves as half [ of a period T ]. That 
is, the duty ratio of the output clock OUT becomes 50%. 

[0074] As mentioned above, waveform-shaping equipment 502 functions as a duty ratio recovery device which changes and outputs 
the duty ratio of the arbitration of an input clock IN to 50%. 

[0075] In addition, as initial value of the amount of delay of the 1st adjustable delay circuit 1 1, it is desirable to set it as the minimum 
amount of delay. As for the initial value of a control signal Vin, in other words, it is desirable to set it as the highest value. This is not 
required if the amount of the maximum delay of the 1 st adjustable delay circuit 1 1 is under 2 double [ of a period T ] surely in 
consideration of insurance. When the amount of the maximum delay of the adjustable delay circuit 1 1 may become twice [ more than ] 
the period T at relation, such as a manufacture error, the point (the amount of delay) which a phase locks in stability becomes less 
single. Consequently, a possibility that desired actuation may not be carried out arises. Also in this case, if actuation begins from the 
direction with few amounts of delay, the advantage of not locking in the amount of delay exceeding a period T, and being stably 
locked in the amount of delay of a period T will be born. 

[0076] For this purpose, it is good to be made to carry out the charge up of the loop filter 17 preparatorily so that for example, a 
power-on-reset circuit may be prepared additionally and a control signal Vin may reach a power up even at the potential of a high 
potential side power-source line using the pulse which this power-on-reset circuit generates. Or instead of preparing a power-on-reset 
circuit, using the reset signal given from the outside, you may constitute so that the charge up of the loop filter 17 may be carried out 
preparatorily similarly. 

[0077] <2-2. adjustable delay circuit: The 1> drawing 5 is the circuit diagram showing the suitable configuration of an adjustable delay 
circuit for the adjustable delay circuits 1 1 and 12 of waveform-shaping equipment 502. 

[0078] The adjustable delay circuit 20 is equipped with the bias circuit section 21, the 1st adjustable delay circuit 11, and the 2nd 
adjustable delay circuit 12. That is, in the adjustable delay circuit 20, the 1st adjustable delay circuit 1 1 and the 2nd adjustable delay 
circuit 12 are incorporated in single equipment 

[0079] The bias circuit section 21 is equipped with the NMOS transistor 26 and the PMOS transistor 27 which were connected to the 
serial between the high potential power-source line and the touch-down potential power-source line. And the gate electrode and drain 
electrode of the PMOS transistor 27 are short-circuited mutually. Moreover, the control signal Vin is inputted into the gate electrode of 
the NMOS transistor 26. 

[0080] The adjustable delay circuit 20 is equipped with two or more unit delay circuits by which cascade connection was carried out 
still more nearly mutually, moreover, the 1 st adjustable delay circuit 1 1 is constituted by the amount of [ from the first rank to a certain 
stage ] first portion, and the 2nd adjustable delay circuit 12 is constituted by the part the second half in which it has the unit delay 
circuit of the one half for the first portion. Output clock OUT_A is obtained from the connection of a part a part for the first portion, 
and the second half, and output clock OUT_B is obtained from the last stage. 

[0081] Each unit delay circuit is equipped with the inverter 25. This inverter 25 consists of the NMOS transistors and PMOS 
transistors to which the gate electrode of each other was connected while the drain electrode of each other is connected. And another 
PMOS transistor 24 is inserted between the source electrode of the PMOS transistor which constitutes an inverter 25, and a high 
potential power-source line, and, similarly another NMOS transistor 23 is inserted between the source electrode of an NMOS 
transistor, and the touch-down potential power-source line. 

[0082] An input clock IN is inputted into the gate electrode of the first rank of an inverter 25. And each inverter 25 is the gestalt with 
which the drain electrode of the preceding paragraph is connected to the gate electrode of the next step, and cascade connection is 
carried out. [ each other ] Moreover, the gate of all the PMOS transistors 24 and PMOS transistors 27 is mutually connected through 
the bias wiring 29. Similarly, the gate electrode of all the NMOS transistors 23 and NMOS transistors 26 is mutually connected 
through the bias wiring 28. 

[0083] The adjustable delay circuit 20 operates as follows. That is, in the bias circuit section 21 , the current of the magnitude 
according to the magnitude of the control signal Vin which is a voltage signal flows from a high potential power-source line to a 
touch-down potential power-source line. Since the gate electrode of the PMOS transistor 27 is connected with the drain electrode too 
hastily, the bias voltage equivalent to a control signal Vin is impressed to the gate electrode of the PMOS transistor 27 according to the 
current which flows the bias circuit section 21. 

[0084] Since such control signals Vin and bias voltage are supplied to the gate electrode of all the NMOS transistors 23 and PMOS 
transistors 24 in common, respectively, the current of the same magnitude as the current which flows the bias circuit section 21 flows 
each unit delay circuit. That is, the magnitude of the current which flows all unit delay circuits is adjusted in common by the control 
signal Vin. The flowing current contributes a unit delay circuit as a power-source current of an inverter 25. 

[0085] The propagation delay time of an inverter 25 is shortened, so that a power-source current is large. Therefore, the amount of 
delay in a unit delay circuit is shortened, so that a control signal Vin is large. In the amount of delay, among all unit delay circuits, ** 
[ according to / a control signal Vin ], since it is always mutually common, the amount of delay of the 2nd adjustable delay circuit 12 
always serves as half [ of the 1 st adjustable delay circuit 1 1 ]. That is, the adjustable delay circuit 20 can obtain the amount of delay 
according to a control signal Vin, maintaining the relation of a formula 1 . 

[0086] Thus, in the adjustable delay circuit 20, since the power-source current of common magnitude is supplied to the 1st adjustable 
delay circuit 1 1 and the 2nd adjustable delay circuit 12 so that the unit delay circuit of the same structure may be equipped with the 
number of 2: 1 and may moreover become common [ a time delay ] among all unit delay circuits, relation of a formula 1 is always 
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realized to a precision. Moreover, since tne bias circuit section 21 is shared between the 1st adjustable delay circuit 1 1 and the 2nd 
adjustable delay circuit 1 2, the advantage that the number of a component is reduced is also acquired by coincidence between. 
[0087] moreover, it is still more desirable to regard the circuit diagram of drawing 5 as a layout pattern, to build it, and to arrange each 
component and wiring which constitute the adjustable delay circuit 20 as drawing 5 . Thus, the factor of noises, such as coupling of 
signals, is also canceled thru/or eased at the same time the bias wiring 28 and 29 is also arranged in a straight line and rmniaturization 
of a layout realizes it by arranging. 

[0088] <2-3. adjustable delay circuit: The 2> drawing 6 is the circuit diagram showing the configuration of another adjustable delay 
circuit suitable for use to waveform-shaping equipment 502. In this adjustable delay circuit 30, the configurations of the bias circuit 
section 31 differ characteristic [ the adjustable delay circuit 20 ]. That is, the bias circuit section 3 1 has two steps of series circuits 
inserted between a high potential power-source line and a touch-down potential power-source line. 

[0089] In the series circuit of the preceding paragraph, the PMOS transistor 34, the NMOS transistor 33, and the resistance element 32 
are connected to the serial in this sequence. And the control signal Vin is inputted into the gate electrode of the NMOS transistor 33, 
and the gate electrode and drain electrode of the PMOS transistor 34 are short-circuited. 

[0090] In the latter series circuit, the PMOS transistor 36 and the NMOS transistor 35 are connected to the serial. And it connects with 
the gate electrode of the PMOS transistor 34, and the gate electrode of the PMOS transistor 36 has short-circuited the gate electrode 
and drain electrode of the NMOS transistor 35. 

[0091 ] The gate electrode of the PMOS transistor 36 is connected to the gate electrode of all the PMOS transistors 24 through the bias 
wiring 29, and the gate electrode of the NMOS transistor 35 is similarly connected to the gate electrode of all the NMOS transistors 23 
through the bias wiring 28. 

[0092] In the bias circuit section 3 1 , since the resistance element 32 as source resistance is inserted between the NMOS transistors 33 
and touch-down potential power-source lines into which a control signal Vin is inputted, a control signal Vin and the current which 
makes ****** relation flow a resistance element 32. The current of the preceding paragraph is reflected in a latter series circuit by the 
current Miller circuit which consists of a PMOS transistor 34 and a PMOS transistor 36. Furthermore, the current which flows a latter 
series circuit is reflected by the current Miller circuit which consists of an NMOS transistor 35 and an NMOS transistor 23 to each unit 
delay circuit 

[0093] Thus, it consists of adjustable delay circuits 30 so that the current of the same magnitude as the current adjusted with the 
control signal Vin may flow to each unit delay circuit. And since the relation between a control signal Vin and a current is mainly 
prescribed by the resistance element 32, there is an advantage that the linearity between the currents and control signals Vin which are 
supplied to each unit delay circuit is good. 

[0094] In addition, although it consisted of examples of the above 1 st adjustable delay circuit 1 1 and the 2nd adjustable delay circuit 
1 2 in connection with a control signal Vin increasing so that the amount of delay might decrease, you may be the reverse relation. 
What is necessary is just to constitute a control section 13 with the example which described the control signal Vin above according to 
phase contrast, at this time, so that it may be made to change to hard flow. Namely, generally, those amounts of delay change in 
monotone with a control signal Vin, and the 1st adjustable delay circuit 1 1 and the 2nd adjustable delay circuit 12 should just be set up 
so that the latter amount of delay may moreover maintain the less than one former fixed ratio under the same control signal Vin. 
[0095] <Gestalt 3 which is 3. operation> Below, the waveform-shaping equipment of the gestalt 3 of operation is explained. 
[0096] <Whole> 3-1 . equipment drawing 7 is the block diagram showing the configuration of the waveform-shaping equipment of the 
gestalt of this operation. This waveform-shaping equipment 503 is also constituted as a duty ratio recovery device which changes and 
outputs the duty ratio of an input clock to 50%, and fits the use as waveform-shaping equipment 2 of the clock feeder 501 mentioned 
above. For the 2nd adjustable delay circuit and 43, in drawing 7 , a control section and 45 are [ 41 / the 1st adjustable delay circuit and 
42 / a control signal line and Sin of an AD converter and 48 ] control signals. 

[0097] With waveform-shaping equipment 503, the control signal Vin of the analog format which is the output of a loop filter 17 is 
changed into the control signal Sin of a digital format by AD converter 45, and this control signal Sin is supplied to the 1st adjustable 
delay circuit 41 and the 2nd adjustable delay circuit 42 in common. And both the 1st adjustable delay circuit 41 and the 2nd adjustable 
delay circuit 42 are constituted as a digital circuit which processes only a digital signal. The 1st adjustable delay circuit 41 and the 2nd 
adjustable delay circuit 42 of the point constituted so that the relation of a formula 1 may be maintained among those amounts of delay 
are the same as that of waveform-shaping equipment 502. 

[0098] <3-2. adjustable delay circuit: The 1> drawing 8 is the circuit diagram showing the configuration of the 1st adjustable delay 
circuit 41. As shown in drawing 8 , the 1st adjustable delay circuit 41 consists of combination of a selector 47 and an inverter 46. 
Whenever an input clock IN is inputted into the first rank of the inverter (unit delay element; this example CMOS inverter circuit) 46 
by which cascade connection was carried out and passes an inverter 46, the amount of delay is added by the propagation delay time of 
an inverter 46, and it goes. 

[0099] About the propagation delay time of an inverter 46, since the small value of 0.1 - 0.2ns is realized under the detailed-ized 
process in recent years, sufficient resolution is obtained as the 1st adjustable delay circuit 41 used for waveform-shaping equipment 
502. 

[0100] An output is pulled out by every [ of the inverter 46 of a large number by which cascade connection was carried out ] fixed 
number (however, even number : the example of drawing 8 four pieces), and it is led to the many input terminals of a selector 47 as a 
signal train. In the example of drawing 8 , these outputs are inputted into the selector 47 through the inverter 46 of a piece so that it 
may be led to the 1st adjustable delay circuit 41 in the same logic (positive/negative is noninverting) as an input clock IN. 
[0101] A selector 47 chooses one specified by the control signal Sin inputted as a selection signal from many clocks with which the 
amounts of fixed time amount [ every ] delay inputted into many input terminals differ, and outputs it as output clock OUT_A. For 
example, it is constituted so that the numeric value of a control signal Sin becomes high, and a clock with few amounts of delay may 
be chosen and outputted. Thus, the 1st adjustable delay circuit 41 is equipped with the fixed delay circuit and selector 47 which consist 
of inverters 46. 

[0102] Drawing 9 is the circuit diagram showing the configuration of the 2nd adjustable delay circuit 42. The 2nd adjustable delay 
circuit 42 is also equipped with the 1st adjustable delay circuit 41, the fixed delay circuit which consists of inverters 46 similarly, and 
the selector 47. However, compared with the 1 st adjustable delay circuit 41 , the output is pulled out to the selector 47 every half 
(however, even number; the example of drawing 9 two pieces) inverter 46. 

[0103] That is, the amount of delay of the clock inputted into the many input terminals of a selector 47 consists of 2nd adjustable delay 
circuits 42 so that it may become half [ of ** and the 1st adjustable delay circuit 41 ]. Therefore, the amount of delay of the 1st 
adjustable delay circuit 41 and the 2nd adjustable delay circuit 42 always fills the relation of a formula 1 to the value of the same 
control signal Sin. 

[0104] As mentioned above, since the 1st adjustable delay circuit 41 and the 2nd adjustable delay circuit 42 consist of waveform- 
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shaping equipment 503 in the digital circuit which processes only a digital signal, while the relation of a formula 1 is realized in a 
precision, the advantage that the linearity between the amount of delay and a control signal Vin is also good is acquired. Moreover, 
since a digital signal is made into a processing object, when electrical noise is overlapped on bias wiring, troubles, like a jitter arises 
are canceled thru/or eased and the equipment which cannot be easily influenced of an electric noise is realized. 
[01 05] Moreover, in a production process, the standard cell library usually prepared for a digital circuit can use effectively, and the 
advantage that a production process is easy-ized is also acquired by coincidence. 

[01 06] <3-3. adjustable delay circuit: The 2> drawing 10 and drawing 1 1 are the circuit diagram showing the different example of a 
configuration of the 1 st and 2nd adjustable delay circuit, respectively. These 1st and 2nd adjustable delay circuits 51 and 52 also 
consist of combination of an inverter 46 and a selector 53. However, as for the 1st and 2nd adjustable delay circuits 41 and 42, it 
differs characteristic in that the relation between the inverters 46 and selectors 53 by which cascade connection was carried out is 
completely identically constituted among the 1st and 2nd adjustable delay circuits 51 and 52. 

[0107] And all the bit signals that constitute a control signal Sin as a selection signal are inputted into the selector 53 of one 1st 
adjustable delay circuit 5 1. On the other hand, the remainder shifts only 1 bit of most significant bits of a control signal Sin, without 
being given, and it is given, and the least significant bit is thrown away into the selector 53 of the 2nd adjustable delay circuit 52 of 
another side, without using. 

[0108] In these 1st and 2nd adjustable delay circuits 5 1 and 52, a control signal Sin is given by AD converter 45 in conformity with a 
binary number, and is subject [ to moreover being sent out as a juxtaposition (parallel) signal ]. Therefore, the selection signal inputted 
into the selector 53 of the 2nd adjustable delay circuit 42 is equivalent to the value in which the selection signal inputted into the 
selector 53 of the 1st adjustable delay circuit 51 carried out 1 bit shift, ie., the value divided by 2. Therefore, in the 2nd adjustable 
delay circuit 52, the amount of delay of the one half of the 1st adjustable delay circuit 5 1 is always obtained. 
[0109] Since the 1 st and 2nd adjustable delay circuits 5 1 and 52 are mutual completely identically constituted except for the 
connection relation between a selection-signal terminal and the control signal line 48 ( drawing 7 ) which transmits a control signal 
Sin, the advantage that the production process of equipment is simplified further is acquired. There is an advantage of being raised 
especially, the effectiveness, i.e., the design effectiveness, of a design stage in a production process. 

[0110] <Gestalt 4 of 4. operation> drawing 1 2 is the block diagram showing the example which constituted the control section 43 of 
waveform-shaping equipment 503 from a digital circuit which performs only digital signal processing. For 55, as for the 1st counter 
and 57, in draw ing 12 , D latch and 56 are [ the 2nd counter and 58 ] inverters. 

[0111] With waveform-shaping equipment 514, the simple D latch 55 is used instead of the phase comparator 15 in waveform-shaping 
equipment 502. The D latch 55 latches the value of output clock OUTA inputted into a data input terminal synchronizing with the 
input clock IN into which it is inputted by the clock input terminal. 

[0112] Drawing 13 and drawing 14 are the timing charts explaining actuation of the D latch 55. As shown in drawing 13 , as for the 
output of of the D latch 55 noninverting output terminal Q, the amount of delay to the input clock IN of output clock OUTA becomes 
settled in the value of value" 1 " synchronizing with the standup of an input clock IN regardless of [ period IT f when only a certain 
time amount t4 is short (i.e., when it is under the period T) ] the value till then. Needless to say, the output of reversal output terminal 
Q* also becomes settled in it and coincidence at value"0." 

[01 13] On the other hand, when only a certain time amount time amount t4 is long, namely, when the amount of delay exceeds a 
period T from a period T as shown in drawing 14 , the output of the noninverting output terminal Q becomes settled in the value of 
value"0" regardless of the value till then synchronizing with the standup of an input clock IN. That is, when exceeding a period T, the 
noninverting output terminal Q outputting value" 1 " continuously, when the amount of delay does not fulfill a period T, and outputting 
value f, 0" conversely, is continued. 

[0114] It returns to drawing 12 and the 1 st and 2nd counter 56 and 57 is constituted by each as a counter of an up-and-down mold. 
When the D latch's 55 noninverting output terminal Q and reversal output terminal Q* are active (the former a value "1", the latter a 
value "0"), respectively, the 1st counter 56 is combined with the D latch 55 through the inverter 58 which adjusts logic so that the rise 
terminal UP and the down terminal DWN may become active. 

[0115] And in the period when the rise terminal UP is active, count-up which synchronized with the input clock IN inputted into a 
clock terminal is continuously performed by the 1 st counter 56. And a value (for example, value "1") active from the overflow 
terminal OVR whenever it overflows is outputted. 

[0116] On the contrary, in the period when the down terminal DWN is active, the count-down which synchronized with the input 
clock IN inputted into a clock terminal is performed continuously. And a value active from the underflow terminal UND whenever it 
carries out an underflow is outputted. That is, when the amount of delay in the 1 st adjustable delay circuit 41 is under the period T, the 
1st counter 56 counts up continuously, and a count-down is continued when exceeding a period T conversely. And an active signal is 
outputted from the overflow terminal OVR or the underflow terminal UND for every fixed period corresponding to the fixed multiple 
of a period T. 

[0117] When the overflow terminal OVR and the underflow terminal UND of an inverter 58 are active respectively, the 2nd counter 
57 is combined with the D latch 55 through the inverter 58 which adjusts logic so that the rise terminal UP and the down terminal 
DWN may become active. Moreover, the input clock IN is inputted into the clock terminal of the 2nd counter 57. And the counted 
numeric value is sent out as a control signal Sin to the I st adjustable delay circuit 41 and the 2nd adjustable delay circuit 42 ( drawing 

7). 

[0118] Therefore, whenever the 1st counter 56 overflows, synchronizing with an input clock IN, the value of a control signal Sin 
increases by "1" every, and whenever it carries out an underflow, it decreases by "1" every. Namely, in the period when the amount of 
delay of the 1st adjustable delay circuit 41 is insufficient to a period T, a control signal Sin continues the increment in value "1" every 
for every fixed period, and, as for a control signal Sin, the amount of delay continues value "l" every reduction for every fixed period 
in too much period conversely exceeding a period T. As mentioned above, the equipment shown in drawing 12 achieves the same 
function as the control section 43 of waveform-shaping equipment 503 ( drawing 7 ). 

[0119] In case this equipment is used as a control section 43, the 1st adjustable delay circuit 41 and the 2nd adjustable delay circuit 42 
are constituted so that a control signal Sin is large, and the amount of delay may become large. In drawing 8 and drawing 9 R> 9, this 
is easily attained by setting up the relation between a selector 47 and an inverter 46 so that a clock with the small amount of delay may 
be chosen, so that a control signal Sin is large. 

[0120] In drawing 1 2 , the input clock IN and output clock OUT_A which are inputted into the D latch 55 may be replaced. If other 
equipment parts remain as they are at this time, a control signal Sin increases, and when the amount of delay of the 1st adjustable 
delay circuit 41 is excessive, when insufficient, it will decrease. At this time, it is so good that a control signal Sin is large in drawing 8 
and draw ing 9 to set up the relation between a selector 47 and an inverter 46 so that a clock with the large amount of delay may be 
chosen. 
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[01 21 ] Or it is possible to set up the relation between the amount of delay and the direction of change of a control signal Sin free also 
by adjusting the number (also including value ,, 0 M ) of an inverter 58 which adjusts the logic between the D latch 55 and the 1st counter 
56. 

[01 22] With the equipment of drawing 12 , it consists of analog circuits and all the elements of a control section 43 ( drawing 7 ) also 
including the loop filter 1 7 which occupies a comparatively big layout area are transposed to the digital circuit For mis reason, with 
the equipment of drawing 12 R> 2, the advantage that layout area can be reduced and equipment can be miniaturized is acquired. 
Moreover, in order to make a digital signal into a processing object, the advantage of being hard to be influenced of electrical noise is 
also acquired by coincidence. 

[01 23] <Gestalt 5 of 5. operation> drawing 15 is the circuit diagram showing the configuration of SR flip-flop suitable for use to the 
SR flip-flop 14 of waveform-shaping equipment 502,503. In drawing 15 , it is the gate voltage as which 60 is inputted into SR flip- 
flop of the gestalt of this operation, and the gate voltage as which an NMOS transistor and 64 are inputted into a PMOS transistor, and 
GN is inputted [ 61, 65 66, and 67 / an inverter and 62 ] into the gate electrode of the NMOS transistor 63 for a NAND circuit and 63, 
and GP is inputted into the gate electrode of the PMOS transistor 64. 

[01 24] Rather than MOS transistors 63 and 64, driving force is weak (namely, highly [ output resistance ]), and the inverter 66 is set 
up. That is, the output of MOS transistors 63 and 64 has priority over the output of an inverter 66. 

[0125] In the SR flip-flop 60, the gate electrode of MOS transistors 63 and 64 connected to the serial between the high potential 
power- source line and the touch-down potential power-source line is connected to the set terminal SET and the reset terminal RST 
through the single shot pulse forming network constituted in an inverter 61 and NAND circuit 62, respectively. The connection of 
MOS transistors 63 and 64 is connected to the inverters 65 and 66 which constitute memory. And the signal which memory holds is 
outputted to the noninverting output terminal Q through an inverter 67. 

[01 26] Drawing 16 is a timing chart explaining actuation of the waveform-shaping equipment 502 with which the SR flip-flop 60 was 
incorporated as an SR flip-flop 14. Drawing 16 shows actuation in case the 1st adjustable delay circuit 1 1 with which waveform- 
shaping equipment 502 is equipped is in a stable lock condition. 

[01 27] As shown in drawing 16 , when the duty ratio of an input clock IN exceeds 50%, the both sides of the set terminal SET of the 
SR flip-flop 14 and the reset terminal RST become value" 1 " over the period d in every period T at coincidence. Moreover, even if the 
duty ratio of an input clock IN is less than 50%, in a transitional period until it shifts to a stable lock condition, value" 1" may be 
similarly inputted into two terminals of the SR flip-flop 14 at coincidence. 

[01 28] In such a case, the usual SR flip-flop with which an output becomes unfixed does not fit the SR flip-flop 14 of waveform- 
shaping equipment 502. For this reason, as;the gestalt 2 of operation described, SR flip-flop of a reset priority mold is used for the SR 
flip-flop 14 of waveform-shaping equipment 502. On the other hand, by adding a single shot pulse circuit, the SR flip-flop 60 of the 
gestalt of this operation cancels the trouble accompanying two inputs becoming value"!" at coincidence, and is using it as the 
equipment suitable for the SR flip-flop 14. 

[01 29] As shown in drawing 16 , the single shot pulse of value"0" is inputted into the gate electrode of the PMOS transistor 64 
synchronizing with the rising edge of output clock OUT_A inputted into the set terminal SET. By this single shot pulse in gate voltage 
GP, the PMOS transistor 64 turns on during an instant. Consequently, the value held at the memory which consists of inverters 65 and 
66 is updated, and value" 1" is held at the noninverting output terminal Q. 

[0130] After T/2, output clock OUT_B inputted into the reset terminal RST starts from the rising edge of an input clock IN. The single 
shot pulse of value" 1 " is inputted into the gate electrode of the NMOS transistor 63 synchronizing with the rising edge of this output 
clock OUT_B. By this single shot pulse in gate voltage GN, the NMOS transistor 63 turns on during an instant. Consequently, the 
value held at the memory which consists of inverters 65 and 66 is updated, and value"0" is held at the noninverting output terminal Q. 
[0131] Hereafter, as a result of repeating the same actuation, value "1" and value" 0" is outputted to the noninverting output terminal Q 
by turns for every [ T/] two. Thus, in the SR flip-flop 60, since it operates convenient even if value" 1" is inputted into two input 
terminals at coincidence, it is suitable for the use as an SR flip-flop 14 of waveform-shaping equipment 502. Furthermore, in the SR 
flip-flop 60, there are comparatively few element numbers and, moreover, the advantage of being high-speed is also acquired by 
coincidence. 

[01 32] <Gestalt 6 of 6. operation> dra wing 17 is the circuit diagram showing the configuration of another SR flip-flop suitable for use 
to the SR flip-flop 14 of waveform-shaping equipment 502,503. As for an inverter, and 72 and 73, for 70, in drawing 17 , an NMOS 
transistor, and 74 and 75 are [ SR flip-flop of the gestalt of this operation, and 71 , 76, 77 and 78 ] PMOS transistors. As for the 
inverter 77, driving force is weakly set up rather than MOS transistors 72-75. 

[01 33] In the SR flip-flop 70, MOS transistors 75-72 are connected to this order at the serial between the high potential power-source 

line and the touch-down potential power-source line. And the set terminal SET is connected to the gate electrode of the PMOS 

transistor 75 through an inverter 71 , and the reset terminal RST is connected to the gate electrode of the NMOS transistor 72. 

[01 34] Moreover, the connection of MOS transistors 73 and 74 is connected to the inverters 76 and 77 which constitute memory. And 

the signal which memory holds is outputted to the noninverting output terminal Q through an inverter 78. Furthermore, the output 

signal of the noninverting output terminal Q is fed back common to the gate electrode of MOS transistors 73 and 74. 

[01 35] This SR flip-flop 70 operates as follows. Suppose that the value of the noninverting output terminal Q is "0" first. At this time, 

the PMOS transistor 74 connected to the noninverting output terminal Q is turned on, and turns off the NMOS transistor 73. If the 

pulse of value" 1 " is inputted into the set terminal SET at this time, the signal of the connection of MOS transistors 73 and 74, i.e., the 

input signal to memory, will change to value" 1 " to it and coincidence. Consequently, the value of the noninverting output terminal Q 

also changes to "1." 

[01 36] Since the PMOS transistor 74 is turned off and the NMOS transistor 73 is turned on once the value of the noninverting output 
terminal Q is set to " 1 ", even if the pulse of value" 1 " is inputted into the set terminal SET after that, it is changeless to the value of the 
noninverting output terminal Q. If the pulse of value"! " is inputted into the reset terminal RST at this time, when the NMOS transistor 
72 turns on, the value which memory holds will be reversed, consequently the noninverting output terminal Q will be reversed to 
value"0." 

[01 37] Since the PMOS transistor 74 is turned on and the NMOS transistor 73 is turned off once noninverting output terminal Q value 
is set to "0", even if the pulse of value" 1 " is inputted into the reset terminal RST after that, it is changeless to the value of the 
noninverting output terminal Q. As mentioned above, the SR flip-flop 70 functions as an SR flip-flop which is set in the standup of the 
pulse inputted into the set terminal SET, and is reset in the standup to the reset terminal RST. 

[01 38] When value"! " is inputted into the set terminal SET and the reset terminal RST at coincidence, since logic reversal is carried 
out and the value of the noninverting output terminal Q is transmitted to the input of memory, it oscillates by the time delay twice 
[ about ] the period [ value "1", "0", " 1 ", "0", and ] of for three elements inserted in .... and the feedback loop. At this time, the SR flip- 
flop 70 operates as a kind of asynchronous T flip-flop. That is, the SR flip-flop 70 is one gestalt of the high asynchronous JK flip-flop 
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of versatility. 

[01 39] By adding a component to this SR flip-flop 70, it is possible to consider as SR flip-flop of reset priority. The example is shown 
in drawing 18 . In the SR flip-flop 80 shown in drawing 18 , the inverter 71 in the SR flip-flop 70 is transposed to NAND circuit 82, 
and the reset terminal RST is further connected to one side of 2 inputs of NAND circuit 82 through the inverter 81. Moreover, the 
output of an inverter 81 and the gate electrode of the NMOS transistor 83 which are connected to the reset terminal RST are connected 
through another inverter 8 1 . 

[0140] Thus, SR flip-flop of reset priority is obtained by adding the easy logical circuit for the SR flip-flop 70. 

[0141] <Gestalt 7 of 7. operation> drawing 19 is the block diagram showing the configuration of the waveform-shaping equipment of 
the gestalt 7 of operation. With this waveform-shaping equipment 504, the single shot pulse circuit 90 is inserted between the input 
terminals and the waveform-shaping equipment 502 which receive an input clock IN. 

[0142] The single shot pulse circuit 90 consists of combination of inverters 91 and 93 and NAND circuit 92, as shown in drawing 19 . 
That is, the single shot pulse circuit 90 is constituted like the single shot pulse circuit shown in drawing 15 . Hie input signal IS 
inputted into the 1st adjustable delay circuit 1 1 and a phase comparator 15 is not the input-clock IN itself, is outputted by work of the 
single shot pulse circuit 90 synchronizing with an input clock IN, and serves as a single shot pulse with a duty ratio small enough by it 

[0143] Drawing 20 is a timing chart explaining actuation of this waveform-shaping equipment 504. An input signal IS serves as a 
single shot pulse with the duty ratio are concerned, and there is nothing in the magnitude of the duty ratio of an input clock IN, and 
short which starts synchronizing with the standup of an input clock IN. Consequently, output clock OUT_A becomes that for which 
this input signal IS was delayed. 

[0144] Similarly, as for output clock OUTJB, delay was further added to output clock OUT_A. Since the condition of having locked 
stably is illustrated, only delay and output clock OUTB of the period T are further behind in output clock OUT_A in drawing 20 , 
only T/2 to the input signal IS. Since the wave as an input signal IS with same output clock OUT_A and output clock OUTJB is 
maintained, those duty ratios are fully small. 

[0145] Therefore, the evil by the set terminal SET and the reset terminal RST of the SR flip-flop 14 becoming value"l n is removed. 
That is, it becomes possible to use the cheap usual SR flip-flop, without using SR flip-flop of reset priority as an SR flip-flop 14. 
[0146] in addition, two inputs of the SR flip-flop 14 of waveform-shaping equipment 502 - a high — instead of being active (it 
operating in the standup to value" 1 ") — a low — when active, a single shot pulse circuit is good to constitute so that the single shot 
pulse which reversed the logic of an input clock IN may be outputted. In drawing 19 R> 9, it is good for it to insert two steps of 
inverters instead of an inverter 93. 

[0147] <Gestalt 8 of 8. operation> drawing 21 is the block diagram showing the configuration of the waveform-shaping equipment of 
the gestalt 8 of operation. This waveform-shaping equipment 505 is constituted as a duty ratio recovery device, and moreover, without 
using the SR flip-flop 14, it is constituted so that the output clock OUT of duty may be obtained 50%. 

[0148] As for the 2nd adjustable delay circuit of a multi-output mold, and nO, nl, nk, in drawing 21 , 96 is [ two or more output 
signals of the 2nd adjustable delay circuit 96 and 97 ] the OR (OR) circuits of a multi-input mold. In waveform-shaping equipment 
504, the 2nd adjustable delay circuit 1 2 is transposed to the 2nd adjustable delay circuit 96, and, moreover, this waveform-shaping 
equipment 505 is transposed to OR circuit 97 instead of the SR flip-flop 14. And the many outputs nO, nl , nk of the 2nd adjustable 
delay circuit 96 are inputted into the many input terminals of OR circuit 97, and the output signal of OR circuit 97 is outputted to the 
exterior as an output clock OUT. 

[0149] Drawing 22 is the circuit diagram showing the configuration of the 2nd adjustable delay circuit 96. In the 2nd adjustable delay 
circuit 96, it has the unit delay circuit 98 of a large number by which cascade connection was carried out. And while output clock 
OUT_A is inputted into the unit delay circuit 98 of the first rank and this output clock OUT_A is outputted as an output signal nO, the 
output of each unit delay circuit 98 from the next step to the last stage is outputted as output signals nl , n2, nk. And the amount of 
delay of the output nk of the last stage to output clock OUT_A is set up so that it may become half [ of the amount of delay of the 1 st 
adjustable delay circuit 11]. 

[01 50] Drawing 23 is the circuit diagram showing the configuration of the unit delay circuit 98. The inverter 99 is connected to the 
output side, in order for one unit delay circuit and bias circuit section 21 of the adjustable delay circuit 20 ( drawing 5 ) to combine in 
the unit delay circuit 98 and to make in agreement the logic of a **** cage, and an input signal (for example, nO) and an output signal 
(for example, nl). 

[0151] Drawing 24 is a timing chart explaining actuation of waveform-shaping equipment 505. In drawing 24 , the signal wave form 
of each part in case the 1 st adjustable delay circuit 11 is in a lock condition stably is drawn. Synchronizing with an input clock IN, it 
starts to the 1st adjustable delay circuit 1 1 and a phase comparator 15, and the input signal IS with pulse width w short moreover 
enough is inputted into them by work of the single shot pulse circuit 90. Since it is in a lock condition, the phase of the 1st adjustable 
delay circuit 1 1 of output clock OUT_A corresponds with an input signal IS and a phase seemingly (equivalent). 
[01 52] And the output signals n 1 , n2, nk of the 2nd adjustable delay circuit 96 are delayed sequential fixed time amount every. 
Although it is desirable to be set up as narrowly as possible as for the magnitude of pulse width w, it is set as the range in which the 
amount of delay of one step of unit delay circuit always becomes short rather than pulse width w also including the time of the 
transitional actuation before a lock. For this reason, the output clock OUT obtained as an OR of output signals nl, n2, nk becomes 
value" 1 " from the standup point in time of output clock OUT_A to the falling time of the output signal nk of the last stage. 
[01 53] Since the amount of delay of the output signal nk of the last stage is set up so that it may become half [ of the 1st adjustable 
delay circuit 1 1 ], after the 1 st adjustable delay circuit 1 1 has locked, the amount of delay of the output signal nk of the last stage 
becomes T/2. For this reason, the output clock OUT becomes value" 1 " over T/2 of periods. That is, the duty ratio of the output clock 
OUT becomes 50%. 

[01 54] In addition, as for a duty ratio, pulse width w shifts from 50% a little according to the magnitude of pulse width w, in not being 
short enough compared with a period T. However, since the number of output signals nl , n2, nk is set up greatly enough, pulse 
width w can also usually be short set up in connection with it. For this reason, in an anticipated-use gestalt, a gap of the duty ratio of 
the output clock OUT can be disregarded. 

[0155] In order to also compensate this slight gap, it is good to adjust the relation between pulse width w in the single shot pulse 
circuit 90, and the number of stages of the unit delay circuit of the 2nd adjustable delay circuit 96 so that the amount of delay of the 
output signal nk over output clock OUTA at the time of a lock may serve as magnitude of amount of delay =T/2-w**. 
[0156] <Gestalt 9 of 9. operation> drawing 25 is the block diagram showing the configuration of the waveform-shaping equipment of 
the gestalt 9 of operation. This waveform-shaping equipment 506 is also constituted as a duty ratio recovery device. With this 
waveform-shaping equipment 506, as for waveform-shaping equipment 502 ( drawing 1 ), it differs characteristic instead of output 
clock OUT_A in that an input clock IN is directly inputted into the 2nd adjustable delay circuit 12. 
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which explains actuation of equipment 506 by making into an examph 



[0 1 57] Drawing 26 is a timing chart which explains actuation of equipment 506 by making into an example the condition that the 1 st 
adjustable delay circuit 1 1 locked. Since the 1 st adjustable delay circuit 1 1 is locked, as for output clock OUT_A, only the period T 
has been delayed from an input clock IN. And as for output clock OUT_B, the one half of the time delay of the 1st adjustable delay 
circuit 1 1, T/2 [ i.e., ], is delayed from an input clock IN. 

[01 58] That is, in the SR flip-flop 14, after the value of the set terminal SET starts, since it passes T/2, the value of the reset terminal 
RST starts. For this reason, from the non inverting output terminal Q of the SR flip-flop 14, the clock whose duty ratio is 50% is 
outputted as an output clock OUT. 

[0159] As mentioned above, this equipment 506 functions as a duty ratio recovery device like waveform-shaping equipment 502. And 
the advantage that the delay from the input clock IN to the output clock OUT has the small amount of delay compared with the delay 
waveform-shaping equipment 502 which has the amount of delay exceeding a period T since it does not generate with the SR flip-flop 
14 is acquired. 

[0160] This produces the advantage of equipment being able to stop immediately, when the input clock IN supplied from the outside 
for low-power-izing etc. stops. With equipment 506, the control section 13 and the 1st adjustable delay circuit 1 1 have played the role 
which measures the period T of an input clock IN. 

[0161] With each waveform-shaping equipment as a duty ratio recovery device explained beyond <the gestalt 10 of 10. operation>, the 
amount of delay of the 2nd adjustable delay circuit is set up so that it may become half [ of the amount of delay of the 1 st adjustable 
delay circuit ], and the clock which has 50% of duty ratio was obtained as an output clock OUT, without that twisting to the duty ratio 
of an input clock IN. In these duty ratio recovery devices, in the amount of delay of the 2nd adjustable delay circuit, if it sets to 60% of 
the amount of delay of the 1 st adjustable delay circuit, the output clock OUT which has 60% of duty ratio will be obtained. 
[01 62] Adjustment of the amount of delay is easily possible by adjusting the number of the unit delay circuit in the adjustable delay 
circuit 20 ( drawi ng 5 ). Moreover, in the example of the adjustable delay circuits 41 and 42 ( drawing 8 , drawing 9 ), it is attained by 
adjusting the ratio of the number of an inverter 46. Or what is necessary is just to adjust in the example of the adjustable delay circuits 
5 1 and 52 ( drawin g 10 , drawing 1 1 ), the relation of bit shifts between a selection signal and a control signal Sin, for example, 
amount, of a selector 53. 

[01 63] When it is constituted so that object equipment 5 ( drawing 1 ) may become the optimal with a certain clock duty ratio which is 
not 50%, it becomes possible by doubling the duty ratio of the output clock OUT with the optimum value to pull up the working speed 
of object equipment 5 to the maximum extent. The waveform-shaping equipment stated with the gestalt of each above operation also 
has the advantage that it is easy to set the ratio of the amount of delay between the 1st adjustable delay circuit and the 2nd adjustable 
delay circuit also to values other than 50%, and it can pull out the engine performance of object equipment 5 to the maximum extent. 
[01 64] <Gestalt 1 1 which is 1 1 . operation> Below, the waveform-shaping equipment of the gestalt 1 1 of operation is explained. 
[01 65] <Whole> 11-1. equipment drawing 27 is the block diagram showing the configuration of the waveform-shaping equipment of 
the gestalt 1 1 of operation. This waveform-shaping equipment 507 is also constituted as a duty ratio recovery device which obtains the 
clock of 50% of duty ratios. For 101 , as for the differential amplifier and 103,104, in drawing 27 , an integrator and 102 are [ a 
resistance element and SO ] the output signals of an integrator. The amount of maximum adjustable delay of the 2nd adjustable delay 
circuit 12 is set as less than one period of an input clock IN. 

[01 66] An input clock IN is inputted into the set terminal SET of the adjustable delay circuit 12 and the SR flip-flop 14, and output 
clock OUTB is inputted into the reset terminal RST of the SR flip-flop 14. And while the signal of the noninverting output terminal 
Q of the SR flip-flop 14 is outputted to the exterior as an output clock OUT, it is inputted also into an integrator 101 . Moreover, the 
output signal SO of an integrator 101 is inputted into the non-inversed input terminal of the differential amplifier 102. 
[0167] It is inputted into the inversed input terminal of the differential amplifier 102 as a reference potential, the potential (Vdd/2), i.e., 
the middle point potential, of a connection of two resistance elements 103,104 with equal resistance which connected with the serial 
between the high potential (Vdd) power-source line and the touch-down potential power-source line. That is, the resistance element 
103,104 is functioning as a circuit which generates a reference potential. The differential amplifier 102 outputs the voltage signal of 
the magnitude proportional to the difference of two input signals as a control signal Vin. This control signal Vin is inputted into the 
adjustable delay circuit 12. In addition, the time constant of an integrator 101 is set up greatly enough compared with a period T. 
[01 68] Drawing 28 is a timing chart explaining actuation of this equipment 507. As shown in drawing 28 , suppose that only time 
amount tl is behind a period T in output clock OUT_B further to an input clock IN. At this time, the output signal SO is a value lower 
than a reference potential (= Vdd/2). Since output clock OUT_B is too much [ than a period T ] late to the input clock IN, the duty 
ratio of the output clock OUT becomes higher than 50%. Consequently, that of an integrator 101 is ****** and an output signal SO 
approaches a reference potential gradually. In connection with it, the amount of delay of the adjustable delay circuit 12 becomes small. 
That is, the duty ratio of the output clock OUT approaches to 50%. 

[01 69] On the contrary, it carries out only to the time amount [ output clock OUT_B / period / T / further ] tl to an input clock IN 
rashly. At this time, the output signal SO is a value higher than a reference potential. Since output clock OUT_B is rash from the period 
T to the input clock IN, the duty ratio of the output clock OUT becomes lower than 50%. Consequently, that of an integrator 101 is 
****** and an output signal SO approaches a reference potential gradually. In connection with it, the amount of delay of the adjustable 
delay circuit 1 2 becomes large. That is, the duty ratio of the output clock OUT approaches to 50%. 

[01 70] If the duty ratio of the output clock OUT reaches to 50%, since an output signal SO will serve as zero, the duty ratio of the 
output clock OUT stops already changing. That is, finally the duty ratio of the output clock OUT is stabilized in 50% of value. Thus, 
equipment 507 does not have involvement in the duty ratio of an input clock IN, and functions as a duty ratio recovery device which 
outputs the output clock OUT of a duty ratio 50%. 

[0171] Moreover, by carrying out the monitor of the output clock OUT finally outputted to the exterior, it consists of this equipment 
507 so that 50% of duty ratio may be obtained. For this reason, even if it does not make strictly in agreement the driving force when 
outputting the driving force when outputting 1 and value "value" 0" including the SR flip-flop 14 located in the last stage, the wave- 
like turbulence by those biases is amended, and there is an advantage that the duty ratio of the output clock OUT is obtained by the 
precision to 50%. That is, the advantage that manufacture of equipment is easy is equipped. 

[01 72] Furthermore, it is possible to obtain the output clock OUT which has the duty ratio of the arbitration for which only adjusts the 
ratio of the resistance of resistance elements 103 and 104, and it asks with equipment 507. That is, this equipment 507 equips 
coincidence also with the advantage that accommodation of a duty ratio is especially easy. 

[0173] <1 1-2. integrator Below, some examples of the integrator suitable for the use as an integrator 101 of equipment 507 are 
explained. As shown in draw ing 29 , to an integrator 101 , a well-known RC filter is conventionally usable. This RC filter has simple 
structure and has the advantage that a manufacturing cost is cheap. 

[0174] Two inverters 103 are connected to the input side of a RC filter in integrator 101a illustrated to drawing 30 . Since the output 
clock OUT is inputted into the input terminal of an inverter 1 03 and it is not directly inputted into a RC filter, there is an advantage 
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putclock OUT by the RC filter is cancelable. 



that the effect of the wave on the outputclock OUT by the RC filter is cancelable. 
[01 75] Integrator 101b illustrated to drawing 3 1 has applied the charge pump which generates a current packet. In drawing 3131 , 
1 04, 1 05 is [ a capacitati ve element, and IN and IP of a switching element and C ] current sources. When the output clock OUT 
inputted is value "1", a current source IP turns on and a current source IN is turned off. On the contrary, if it is value "0", a current 
source IN rums on and a current source IP is turned off. Therefore, the value of the output clock OUT finds the integral with capacity 
C, and an integral value is reflected in the electrical potential difference which capacity C holds. 

[01 76] Integrator 101c illustrated to drawing 32 is one gestalt of the integrator 101 suitable for making the same mutually magnitude 
of the current of two current sources IN and IP. For 106,107,109, in drawing 32 , an NMOS transistor and 108,1 10 are [ an inverter 
and R of a PMOS transistor and 111] resistance elements. 

[01 77] MOS transistor 109,1 10 corresponds to a switching element 104,105, respectively. Moreover, MOS transistor 107,108 
corresponds to current sources IN and IP, respectively. And the bias circuit of MOS transistor 107,108 is constituted by MOS 
transistor 106,107,108 and the resistance element R. 

[01 78] That is, the magnitude of the current which flows the series circuit of a resistance element R and MOS transistor 106 becomes 
settled in a precision with the magnitude of the resistance of a resistance element R. And the current of the same magnitude as the 
current which flows resistance R flows MOS transistor 107,108 by the current Miller circuit which consists of MOS transistors 
106,107, and another current Miller circuit which consists of two MOS transistors 108 further. 

[01 79] That is, the current value of MOS transistor 107,108 as a current source becomes settled in a precision with the resistance of a 
resistance element R. And it is possible by making the resistance of a resistance element R high to hold down without limit small the 
current value of MOS transistor 107,108 as a current source. Therefore, moreover, the advantage that a time constant can be set up 
highly is acquired by making capacity of a capacitati ve element C small, keeping layout area small. 

[01 80] <Gestalt 12 of 12. operation> drawing 33 is the block diagram showing the configuration of the waveform-shaping equipment 
of the gestalt 1 2 of operation. This waveform-shaping equipment 508 is constituted as a duty ratio recovery device which obtains the 
clock of 50% of duty ratios, and is equivalent to what constituted equipment 507 from a digital circuit. In drawing 33 , 1 20 is a digital 
filter. The amount of maximum adjustable delay of the adjustable delay circuit 42 is set as less than one period of an input clock IN. 
[0181] An input clock IN is inputted into the set terminal SET of the adjustable delay circuit 42 and the SR flip-flop 14, and output 
clock OUT_B is inputted into the reset terminal RST of the SR flip-flop 14. And it is inputted into a digital filter 120 at the same time 
the signal of the noninverting output terminal Q of the SR flip-flop 14 is outputted to the exterior as an output clock OUT. The control 
signal Sin which a digital filter 120 outputs is inputted into the adjustable delay circuit 42. 

[01 82] D rawing 3 4 is the circuit diagram showing the configuration of a digital filter 120. In drawing 34 , 121 is [ the 1st and 2nd 
counter of an up-and-down mold and HCK of an inverter and 122,123 ] high-speed clocks with a period shorter enough than an input 
clock IN. 

[01 83] It is inputted into the down terminal DWN through an inverter 121 while the direct input of the output clock OUT is carried out 
to the rise terminal UP of the 1st counter 122 of the preceding paragraph. Moreover, the overflow terminal OVR and the underflow 
terminal UND of the 1 st counter 122 are connected to the rise terminal UP and the down terminal DWN of the 2nd counter 123, 
respectively. Moreover, the high-speed clock HCK is inputted into the clock terminal of a counter 122,123. And the enumerated data 
of the 2nd latter counter 1 23 are outputteci as a control signal Sin. 

[0 1 84] Therefore, when the output clock OUT is value " 1" , the 1 st counter 1 22 outputs value" 1 " from the overflow terminal OVR 
repetitively with the period equivalent to the fixed multiple of the high-speed clock HCK. On the contrary, when the output clock OUT 
is value "0", the 1 st counter 122 outputs value" 1 " repetitively from the underflow terminal UND. 

[01 85] Consequently, when the duty ratio of the output clock OUT is over 50%, the value of a control signal Sin rises, and when lower 
than 50%, it decreases. When the duty ratio of the output clock OUT is in agreement to 50%, the value of a control signal Sin stops 
moreover, changing. 

[01 86] Therefore, the amount of delay of the adjustable delay circuit 42 is controlled by equipment 508 so that it is completed to 50% 
by the duty ratio of the output clock OUT Thus, equipment 508 does not have involvement in the duty ratio of an input clock IN, and 
functions as a duty ratio recovery device which outputs the output clock OUT of a duty ratio 50%. 

[01 87] Moreover, by carrying out the monitor of the output clock OUT finally outputted to the exterior as well as equipment 507, it 
consists of this equipment 508 so that 50% of duty ratio may be obtained. For this reason, also including the SR flip-flop 14 located in 
the last stage, the effect of the bias of driving force is compensated and there is an advantage that the clock which has 50% of duty 
ratio in a precision is obtained in the output clock OUT. 

[01 88] furthermore, the advantage that layout area becomes small since all equipment parts consist of digital circuits — in addition, it 
can design easily using a standard cell - etc. - an advantage is also acquired by coincidence. 

[01 89] Drawing 35 is the circuit diagram suitable for equipment 508 showing the example of another digital filter. Setting to drawing 
35 , 125,126 is an AND (AND) circuit and the counter of the asynchronous type [ 127,128 ] in an up-and-down mold moreover. 
[01 90] The AND of the output clock OUT and the high-speed clock HCK is inputted into the rise terminal UP of the 1st counter 127, 
and the logic of the reversal signal of the output clock OUT and the high-speed clock HCK is inputted into the down terminal DWN. 
Moreover, the overflow terminal OVR and the underflow terminal UND of the 1st counter 127 are connected to the rise terminal UP 
and the down terminal DWN of the 2nd counter 1 28, respectively. And the enumerated data of the 2nd counter 128 are outputted as a 
control signal Sin. 

[0191] Therefore, when the output clock OUT is value "1", the 1st counter 127 counts up the high-speed clock HCK inputted into the 
rise terminal UP, and outputs value" 1" from the overflow terminal OVR repetitively with the period equivalent to the fixed multiple of 
the high-speed clock HCK. On the contrary, when the output clock OUT is value "0", the high-speed clock HCK inputted into the 
down terminal DWN is counted down, and value" 1 " is repetitively outputted from the underflow terminal UND. 
[0192] Consequently, when the duty ratio of the output clock OUT is over 50%, the value of a control signal Sin rises, and when lower 
than 50%, it decreases. When the duty ratio of the output clock OUT is in agreement to 50%, the value of a control signal Sin stops 
moreover, changing. 

[01 93] Therefore, since the equipment 508 using this digital filter 1 20a controls the amount of delay of the adjustable delay circuit 42 
so that it is completed to 50% by the duty ratio of the output clock OUT, it functions as a duty ratio recovery device which outputs the 
output clock OUT of a duty ratio 50%. In digital filter 120a, since the counter of cheap asynchronous system is used, there is an 
advantage that a manufacturing cost is reduced. 

[01 94] <Gestalt 1 3 of 1 3. operation> drawing 36 is the block diagram showing the configuration of the waveform-shaping equipment 
of the gestalt 13 of operation. This waveform-shaping equipment 509 is constituted as an PWM (Pulse Width Modulation) modulator. 
[0195] In drawing 36 , the input signal into which Vr is inputted from the outside, and 130 are input terminals into which an input 
signal Vr is inputted. The input terminal 130 is connected to the inversed input terminal of the differential amplifier 102. That is, in 
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equipment 507 ( drawing 27 ), this equipment 509 removes the reference voltage generating section which consists of resistance 
elements 103,104, and it is constituted so that the voltage signal of the magnitude of arbitration can be inputted into the inversed input 
terminal of the differential amplifier 102 from the exterior. 

[01 96] the relation of periodic ** of periodic T< time constant <Vr maintains between the period T of an input clock IN, the time 
constant of an integrator 101, and the period of an input signal Vr — having —**** — the time constant of an integrator 101 is set up 
like. In this case, even if it changes an input signal Vr, since the adjustable delay circuit 42 continues maintaining a lock condition, the 
period of the output clock OUT becomes [ being fixed to the period T of an input clock IN with as, and ]. And when an input signal Vr 
is high, the duty ratio of the output clock OUT becomes large, and when an input signal Vr is low, the duty ratio of the output clock 
OUT becomes small conversely. 

[0197] That is, the PWM output which answered the input signal Vr can be obtained as an output clock OUT, without being dependent 
on the duty ratio of an input clock IN. And ****** relation is maintained between the height of an input signal Vr, and the duty ratio 
of the output clock OUT, and an PWM modulator with a good property is realized. 

[0198] <GestaIt 14 of 14. operation> drawing 37 is the block diagram showing the configuration of the waveform-shaping equipment 
of the gestalt 14 of operation. This waveform-shaping equipment 510 is also constituted as an PWM modulator. 
[0199] In drawing 37 , 1 32 is the offset generation section. The offset generation section 132 is inserted between the loop filter 17 and 
the 2nd adjustable delay circuit 1 2, and makes the work which lays the offset signal of the magnitude according to the input signal Vr 
inputted from the exterior through an input terminal 1 30 on top of a control signal Vin. That is, in equipment 506 ( drawing 25 ), this 
equipment 5 10 is constituted so that the offset signal of the magnitude of arbitration can be superimposed on the control signal Vin 
supplied to the 2nd adjustable delay circuit 12 from the exterior. 

[0200] Even if an input signal Vr changes, there is no effect in actuation of the 1st adjustable delay circuit 11, and the 1 st adjustable 
delay circuit 1 1 continues maintaining a lock condition. Therefore, an input of the input signal Vr which changes so that the relation of 
periodic ** of periodic T<Vr may be maintained between the period T of an input clock IN and the period of an input signal Vr 
changes only the duty ratio of the output clock OUT, while the period of the output clock OUT had been fixed to the period T of an 
input clock IN. That is, equipment 5 1 0 functions as an PWM modulator. 

[0201] The offset generation section 132 is an adder which computes and outputs the sum of two input signals Vin and Vr, for 
example, can be easily constituted using an operational amplifier. As for this equipment 5 1 0, it is possible to also make it function as 
the equipment stated with the gestalt 1 0 of operation, i.e., a duty ratio recovery device which outputs the output clock OUT which has 
the duty ratio of desired arbitration, by maintaining an input signal Vr at the fixed value which does not change with time amount. 
[0202] Moreover, this equipment 510 does not receive the constraint about the integration time constant of equipment about the size of 
the period of an input signal Vr, and has the advantage that the PWM modulation of the input signal Vr with a high frequency is also 
possible. 

[0203] <Gestalt 15 of 15. operation> d rawing 38 is the block diagram showing the configuration of the waveform-shaping equipment 
of the gestalt 1 5 of operation. This waveform-shaping equipment 51 1 is constituted so that the function of the both sides of a duty ratio 
recovery device and frequency-multiplication equipment may be realized collectively. 

[0204] For SR flip-flop and 139, in drawing 38 , an OR circuit, and 141, 142 and 143 are [ the 2nd, 3rd, and 4th adjustable delay 
circuit and 137 and 138 / 134, 135, and 136 / the output signal of the 2nd, 3rd, and 4th adjustable delay circuits 134, 135 and 136, and 
PI, P2 and DBL of an output terminal, OUT_Bl, OUT_B-2 and OUT_B3 ] the output signals of the SR flip-flops 137 and 138 and OR 
circuit 1 39, respectively. 

[0205] That is, this equipment 51 1 is constituted by adding the 3rd and 4th adjustable delay circuit 136,137, the SR flip-flop 138, and 
OR circuit 139 to equipment 506 ( drawing 25 ). However, the 2nd adjustable delay circuit 134 is not the same as the 2nd adjustable 
delay circuit 12 of equipment 506 ( drawing 25 R> 5), and each amount of delay of the 2nd - the 4th adjustable delay circuits 134-136 
is set up so that it may be set to one fourth of the amounts of delay of the 1st adjustable delay circuit 1 1 under the same control signal 
Vin. 

[0206] Output clock OUT Bl is inputted into the 3rd adjustable delay circuit 135 as an input signal, and output clock OUT_B-2 is 
inputted into the 4th adjustable delay circuit 135. That is, cascade connection of the 2nd - the 4th adjustable delay circuits 134-136 is 
carried out. And the control signal Vin outputted from a loop filter 17 as a control signal to both the 2nd - the 4th adjustable delay 
circuits 134-136 is inputted in common. 

[0207] Output clock OUT_B-2 is inputted into the set terminal SET of the SR flip-flop 138, and output clock OUT_B3 is inputted into 
the reset terminal RST. And while the outputs PI and P2 of the noninverting output terminal Q of the SR flip-flop 137,138 are 
outputted to the exterior through an output terminal 141,143, respectively, they are inputted into two input terminals of OR circuit 139. 
The output signal DBL of OR circuit 139 is outputted to the exterior through an output terminal 142. 

[0208] Drawing 39 is a timing chart which explains actuation of equipment 5 1 1 by making the time of the 1 st adjustable delay circuit 
1 1 being in a lock condition into an example. Since the 1st adjustable delay circuit 1 1 is in a lock condition, as for output clock 
OUT_A, only an input clock IN to the period T has been delayed, and those phase contrast serves as zero seemingly. At this time, 
output clock OUT_Bl - OUT_B3 are delayed for an input clock IN every [ 4 / T/] one by one. 

[0209] The SR flip-flop 137 is set by the rising edge of output clock OUT_A, and is reset by the rising edge of output clock OUT_Bl. 
Therefore, in other words, it is the same phase as an input clock IN, and, moreover, an output signal PI is acquired as the same phase 
as output clock OUTA, and a clock which has one fourth of duty ratios. 

[0210] The SR flip-flop 138 is set by the rising edge of output clock OUT_B-2, and is reset by the rising edge of output clock 
OUTB3. Therefore, an output signal P2 is the phase by which only T/2 was delayed from output clock OUT_A (or input clock IN), 
and, moreover, is acquired as a clock which has one fourth of duty ratios. 

[021 1] OR circuit 139 computes and outputs the OR of output signals PI and P2. For this reason, a period is T/2 and, moreover, an 
output signal DBL is acquired as a clock signal whose duty ratio is 50%. 

[0212] Thus, with this equipment 511, while the clock of two phases of an input clock IN, an inphase, and opposition is obtained, the 
clock with which it doubled multiplying of the frequency is obtained. And the duty ratio of these clocks serves as constant value with 
an unrelated input clock IN. Therefore, when object equipment 5 ( drawing 2 ) needs the clock of two or more phases, or when the 
clock of the wave number is needed two or more rounds, this equipment 5 1 1 is useful. 

[0213] In addition, multiplying of clocks, such as generation of the clock of a polyphase with still more source resultant pulse numbers 
or 3 times, and 4 times, is also easily possible by extending equipment 51 1 , setting the ratio of the amount of delay of an adjustable 
delay circuit as values 1 / other than four, and setting up more numbers of the adjustable delay circuit by which cascade connection is 
carried out further than three pieces, 

[0214] Namely, alternately in which the number of stages after the 3rd adjustable delay circuit 135 included the 2nd adjustable delay 
circuit 1 34 by N (= even number), the set terminal SET and the reset terminal RST are connected to the input side and output side, 
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flop should just be equipped with OR circuit 142 which computes and 



respectively, and, generally SR flip-flopshould just be equipped with OR circuit 142 which computes and outputs the OR of the 
output of the noninverting output terminal Q of all SR flip-flops. And each amount of delay after the 2nd adjustable delay circuit 134 
should just be set up so that it may become l/(N+2) of the amount of delay of the 1 st adjustable delay circuit 1 1. At this time, the 
number M of SR flip-flop connected after the 3rd adjustable delay circuit 135 is set to M=N/2. 

[0215] By doing so, from OR circuit 14, multiplying of the frequency of an input clock IN is carried out to (N+2) / twice, i.e., (M+l), 
twice, and, moreover, the clock whose duty ratio is 50% is outputted. As for the example shown in drawing 38 , the value of N is 
equivalent to the minimum example value, N= 2 [ i.e., ]. 

[0216] <Gestalt 1 6 of 16. operarion> drawing 40 is the block diagram showing the configuration of the clock feeder of the gestalt 16 
of operation. This clock feeder 5 1 2 is constituted so that the same function as the equipment 501 ( drawing 2 ) which DLL equipment 
and a duty ratio recovery device combined may be achieved. 

[02 17] drawing 40 — setting - 151 - a delay circuit and 1 52 - a selector and 153 - the 1 st selection-signal generation section and 154 
- for the output signal of a delay circuit 151, and SI, the 1st selection signal and S2 are [ the 2nd selection-signal generation section 
and 155 / the period-measurement section, and cl-cn / the 3rd selection signal and OUT S1, and OUT S2 of the 2nd selection signal 
and S3 ] the output signals of a selector 1 52. 

[0218] A delay circuit 151 delays input-clock CL sequential fixed time amount every, and is outputted as output signals cl, c2, cn. 
The amount of delay of a delay circuit 151 is constituted by not adjustable but the inverter by which cascade connection was carried 
out to multistage. 

[0219] The selector 152 is constituted as a duplex selector, it answers the 2nd selection signal S2, chooses one, and outputs it as output 
signal OUT_S2 while answering the 1 st selection signal SI , choosing one from many output signals cl, c2, cn and outputting as 
output signal OUT_Sl . That is, the adjustable delay circuit is constituted by the delay circuit 151 and the selector 152. An output 
signal with the large amount of delay is chosen, so that the value of selection signals SI and S2 is large. 

[0220] The period-measurement section 155 measures the period of input-clock CL, and outputs the value equivalent to the one half of 
the period as the 3rd selection signal S3. The 1st selection-signal generation section 153 outputs the 1st selection signal SI according 
to the phase contrast of input-clock CL and the feedback clock FB. That is, the 1st selection-signal generation section 153 outputs the 
1st selection signal SI so that the phase contrast of input-clock CL and the feedback clock FB may be stabilized in the value of zero 
equivalent. Furthermore, the 2nd selection-signal generation section 154 adds the 3rd selection signal S3 to the 1st selection signal SI, 
and outputs it as the 2nd selection signal S2. 

[0221] Thus, DLL equipment is constituted by a delay circuit 151, a selector 152, and the 1st selection-signal generation section 153, 
and the amount of delay is adjusted so that the phase contrast of input-clock CL and the feedback clock FB may serve as zero 
equivalent. Furthermore, the duty ratio recovery device which changes the duty ratio of the arbitration of an input clock IN to 50% is 
constituted by the period-measurement section 155 and the 2nd selection-signal generation section 154. 

[0222] Drawing 41 is a timing chart which explains actuation of equipment 5 12 by making into an example the condition that phase 
contrast is stable in zero. In drawing 41 , T is the period of input-clock CL. Only the amount of fixed delay corresponding [ output 
signal OUTS1 ] to the value of the 1st selection signal SI to input-clock CL is delayed. Furthermore, corresponding to the 3rd 
selection signal S3, as for output signal OUT_S2, only T/2 is delayed from output signal OUT_Sl . 

[0223] The SR flip-flop 14 is set by output signal OUT_Sl, and is reset by output signal OUT_S2. Consequently, from the 
noninverting output terminal Q of the SR flip-flop 14, it synchronizes with output-signal OUT_Sl, and clock signal Q whose duty 
ratio is 50% is outputted. 

[0224] By the time this output signal Q is transmitted as a feedback clock FB, the amount of delay will be further added with the clock 
driver 3, the clock wiring 4, etc. However, the amount of delay from input-clock CL to output signal OUT S1 is adjusted by work of 
DLL equipment so that the phase contrast of the appearance between input-clock CL and the feedback clock FB may serve as zero. 
[0225] Thus, with this equipment 512, there is no phase contrast with input-clock CL, and, moreover, as for the duty ratio of input- 
clock CL, the clock of 50% of duty ratio is obtained independently. 

[0226] Drawing 42 is the block diagram showing the desirable example of a configuration of the 1 st selection-signal generation 
section 153. As shown in drawing 42 , the 1st selection-signal generation section 153 can be constituted identically to the control 
section 43 ( drawing 7 ) of waveform-shaping equipment 503. 

[0227] Drawing 43 is the block diagram showing the desirable example of a configuration of the period-measurement section 155. For 
156, in drawing 43 , a delay circuit and 157 are [ a divider and S4 of a selector and 158 ] the 4th selection signal. A delay circuit 156 is 
constituted identically to a delay circuit 151, and its amount of delay of many output signals also corresponds mutually. Moreover, the 
response relation between a selection signal and the signal chosen according to it is identically set up between the selector 157 and the 
selector 152. 

[0228] Moreover, a selector 157 answers the 4th selection-signal S4 which AD converter 45 outputs, chooses one of the output signals 
of a large number from a delay circuit 156, and outputs it to a phase comparator 15. That is, the delay circuit 156 and the selector 157 
constitute the adjustable delay circuit 41 ( drawing 7 ) substantially. And the period-measurement section 155 is constituted by adding 
a divider 1 58 to the adjustable delay circuit 41 and a control section 43 ( drawing 7 ). 

[0229] Therefore, the 3rd selection signal S3 is generated as a selection signal which chooses the signal which has the amount of delay 
of T/2 from the output signals of a delay circuit 1 56. If this puts in another way, it means being generated as a selection signal with 
which the 3rd selection signal S3 chooses the signal which has the amount of delay of T/2 from the output signals cl-cn of a delay 
circuit 151. 

[0230] Drawing 44 is the block diagram showing the example of a configuration of the 2nd selection-signal generation section 154. As 
shown in drawing 44 , by using a digital adder, the selection signals SI and S3 as a binary number are added mutually, and the 2nd 
selection-signal generation section 154 can be outputted as a selection signal S3. 

[023 1] Since the 3rd selection signal S3 is added to the 1st selection signal SI, the signal with which only T/2 was delayed from output 
signal OUTS1 is chosen, and the 2nd selection signal S2 is outputted as output signal OUT_S2. 

[0232] In this clock feeder 512, since DLL equipment and a duty ratio recovery device are sharing the delay circuit 151, the number of 
a component is reduced and there is an advantage that the scale of equipment is reducible. And since all equipment parts consist of 
digital circuits which process only a digital signal, it is hard to be influenced of electrical noise, and, moreover, the advantage that 
actuation is stabilized is also acquired by coincidence. 

[0233] Moreover, the period-measurement section 1 55 is equipped with the equipment part similar to a delay circuit 151, a selector 
152, and the 1st control signal generation section 1 53, and considering as the same structure is possible in a considerable part. For this 
reason, common-use- izing of a design resource is possible, and simplification of a production process and reduction of cost are 
brought about. 

[0234] In addition, although the above explanation showed the example which uses the selector 152 of a double type type, two usual 
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selectors may be prepared and both sides may be connected to the single delay circuit 151. 

[0235] <Gestalt 1 7 of 1 7. operation> drawing 45 is the block diagram showing the configuration of the waveform-shaping equipment 
of the gestalt 17 of operation. This waveform-shaping equipment 513 is constituted as frequency-multiplication equipment which 
carries out multiplying of the frequency of a clock. 

[0236] In drawing 45 , 161 is an adjustable delay circuit and 162 is an exclusive "or" circuit Under the same control signal Vin as well 
as the adjustable delay circuit 134 ( drawing 38 ), the adjustable delay circuit 161 is set up so that the amount of delay may be set to 
one fourth of the 1st adjustable delay circuits 1 1 . That is, this equipment 513 is constituted by removing the adjustable delay circuit 
135,136, the SR flip-flop 137,138, and OR circuit 139, and forming an exclusive "or" circuit 162 instead of the SR flip-flop 137 from 
equipment 5 1 1 . In case this equipment 5 1 3 is used, the clock with which the duty, ratio was adjusted to 50% is inputted as an input 
clock IN. 

[0237] Drawing 46 is a timing chart which explains actuation of equipment 513 by making the time of the 1st adjustable delay circuit 
1 1 being in a lock condition into an example. Since the 1 st adjustable delay circuit 1 1 is in a lock condition, as for output clock 
OUT_A, only an input clock IN to the period T is delayed, and those phase contrast serves as zero seemingly. At this time, as for 
output clock OUT_B outputted from the adjustable delay circuit 161, only T/4 is delayed from an input clock IN. 
[0238] An exclusive "or" circuit 162 computes the exclusive OR (EXOR) of output clock OUT_A and output clock OUT_B, and 
outputs it as an output clock OUT. For this reason, the output clock OUT is obtained as a clock signal which has 50% of duty ratio and 
has T/4 of periods. And there is no delay between the standup of an input clock IN, and the standup for every two periods of the output 
clock OUT. 

[0239] Moreover, it is also possible by taking out outside by using output clock OUT_B as an output clock to obtain the clock which 
carried out 1 / 4 period delay from an input clock IN. Thus, when this equipment 513 inputs the input clock IN which has 50% of duty 
ratio, a phase can obtain the clock with which only the specified quantity shifted, and the clock with which multiplying of the 
frequency was carried out. 

[0240] Furthermore, as compared with equipment 5 1 1 ( drawing 38 ), with equipment 513, there is an advantage that multiplying of a 

frequency is realized with an easy configuration so that clearly. 

[0241] 

[Effect of the Invention] With the equipment of the 1st invention, that of a control section is ****** and, as for the 1st delay clock, 
those phases' [ 1 period delay and ] corresponds with an input clock substantially. Therefore, only the time amount which is equivalent 
to the rate of a constant ratio of less than one period to the input is in the output of the 2nd adjustable delay circuit. Since SR flip-flop 
is set in the input of the 2nd adjustable delay circuit and is reset with an output, the output clock which is the output of SR flip-flop has 
a fixed duty ratio equivalent to the rate of a constant ratio. That is, with the duty ratio of an input clock, it has a fixed duty ratio and the 
output clock whose phase moreover corresponds with the phase of an input clock substantially is unrelated always obtained. 
[0242] A control section is constituted from the equipment of the 2nd invention by a phase comparator, a charge pump circuit, and the 
loop filter. For this reason, the configuration of a control section is easy and manufacture is easy. 

[0243] With the equipment of the 3rd invention, the 1st and 2nd adjustable delay circuit consists of unit delay elements of the same 
configuration, and, moreover, a bias signal is inputted into the current source which accompanies each unit delay element in common. 
For this reason, even if a control signal changes, the amount of delay of the 1st and 2nd adjustable delay circuit maintains the fixed 
ratio equivalent to the ratio of the number of a unit delay element to a precision. That is, precision high about the relation of both 
amount of delay is realized. Moreover, since a bias circuit is shared, the number of a component is reduced. Furthermore, since a unit 
delay element is arranged in the shape of a straight line, the factor of noises, such as coupling of signals, is reduced. 
[0244] Since the 1 st and 2nd adjustable delay circuit consists of equipment of the 4th invention in the digital circuit which processes a 
digital signal, it is hard to be influenced of a noise, moreover, a control signal — responding — a unit delay element — in fixed numbers 

— ** - since it is chosen from the signal trains which can be boiled, the precision of the amount of delay is high and, moreover, the 
linearity between a control signal and the amount of delay is good. 

[0245] With the equipment of the 5th invention, the unit delay element belonging to the 1st and 2nd adjustable delay circuit is 
mutually the same, is that the numbers for every signal train differ among them, and is changing the amount of delay between them. 
For this reason, even if a control signal changes, the ratio of the amount of delay between the 1st and 2nd adjustable delay circuits is 
maintained in a high precision. 

[0246] With the equipment of the 6th invention, the 1 st and 2nd adjustable delay circuit is constituted identically mutually, it is 
shifting wiring so that a control signal may carry out a bit shift, and it is changing the amount of delay between them. For this reason, 
even if a control signal changes, the ratio of the amount of delay between the 1st and 2nd adjustable delay circuits is maintained in a 
high precision. Moreover, since the 1 st and 2nd adjustable delay circuit can be manufactured identically, manufacture effectiveness is 
good. 

[0247] A control section is constituted from a phase comparator, a charge pump circuit, a loop filter, and an AD converter by the 
equipment of the 7th invention. For this reason, the configuration of a control section is easy and manufacture is easy. 
[0248] With the equipment of the 8th invention, since a control section consists of digital circuits, while a property is fixed and a 
control signal is generated with a sufficient precision, there is also little effect by the noise and the stable actuation is obtained. And 
since it consists of easy circuits of common knowledge called D latch and a counter, manufacture is easy and cost is also cheap. 
[0249] With the equipment of the 9th invention, the clock with which a duty ratio is the same and a phase differs from the clock which 
the 1 st SR flip-flop outputs is obtained by the 3rd adjustable delay circuit and the 2nd SR flip-flop. Therefore, it is suitable for use to 
the equipment which needs the clock of a polyphase. 

[0250] the equipment of the 1 0th invention - the duty ratio from the 1st SR flip-flop and the 2nd SR flip-flop of M individual - each - 

- 50% - it is - a phase — by [ of the period of an input clock IN ] 1/(1+M) twice — the polyphase clock shifted is obtained. And a duty 
ratio is 50% and the clock with which it moreover doubled multiplying of the frequency of an input clock IN (M+l) is obtained from 
an OR circuit. Therefore, it is suitable for use to the equipment which needs the clock or the clock by which multiplying was carried 
out of a polyphase. 

[0251] With the equipment of the 1 1th invention, that of a control section is ****** and, as for a single shot pulse, those phases' [ 1 
period delay and ] corresponds with an input clock substantially. Therefore, only the time amount which is equivalent to the rate of a 
constant ratio of less than one period to the input is in the output of the backmost part of the 2nd adjustable delay circuit. Therefore, 
from an OR circuit, an input clock and a phase are the same and a clock with a fixed duty ratio is outputted. That is, by using this 
equipment, with the duty ratio of an input clock, it has a fixed duty ratio and the output clock whose phase moreover corresponds with 
an input clock is unrelated always obtained. 

[0252] Since the offset generation section is equipped with the equipment of the 12th invention, it is possible easily to change a duty 
ratio by changing the value of the control signal inputted into the 2nd adjustable delay circuit 
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[0253] It is possible to use as an PWM modulator according to the signal into which the value of an offset signal is inputted from the 
outside with the equipment of the 1 3th invention, since it is adjustable. 

[0254] Since a means to set the initial value of a control signal as the value which makes the amount of delay min with the equipment 
of the 14th invention is equipped, when the amount of maximum adjustable delay of the 1st adjustable delay circuit becomes twice 
[ more than ] the period of an input clock according to a manufacture error etc., it is possible to make stably the amount of delay of the 
1 st adjustable delay circuit into one period of an input clock. 

[0255] In the equipment of the 15th invention, the period's of active level phase corresponds with the amount of delay by the 
adjustable delay circuit in accordance with an input clock with the output clock which SR flip-flop outputs. Since this output clock 
integrates an integrator and the amount of delay of an adjustable delay circuit is fluctuated according to the difference of mat integral 
signal and value of an another side input of the differential amplifier, the amount of delay becomes settled so that it may be in 
agreement with the value of an another side input of an integral signal. 

[0256] That is, while a phase can obtain the output clock which is in agreement with an input clock, the duty ratio can adjust with the 
value of an another side input regardless of an input clock. Moreover, it is also possible to use this equipment as an PWM modulator 
by inputting the signal which changes to an another side input with time amount 

[0257] With the equipment of the 16th invention, since the reference signal generation section is equipped, the output clock which has 
a fixed duty ratio according to the value of the reference signal generated is obtained. 

[0258] With the equipment of the 17th invention, a fixed delay circuit and a selector function as an adjustable delay circuit by joining 
together mutually. And with the output clock which SR flip-flop outputs, the period's of active level phase corresponds with the 
amount of delay by the adjustable delay circuit in accordance with an input clock. Since the amount of delay is changed in the 
direction which cancels the deflection from 50% of the duty ratio of this output clock by the 1st and 2nd counters, regardless of an 
input clock, the duty ratio of an output clock becomes settled to 50%. 

[0259] With the equipment of the 1 8th invention, since SR flip-flop is equipped with the single shot pulse circuit, even if an input 
clock with a large duty ratio is inputted, it operates normally. 

[0260] With the equipment of the 19th invention, since SR flip-flop is an SR flip-flop of a reset priority mold, even if an input clock 
with a large duty ratio is inputted, it operates normally. 

[0261] With the equipment of the 20th invention, since a single shot pulse circuit is equipped, an input clock is changed into a single 
shot pulse circuit and each part of equipment is supplied, even if an input clock with a large duty ratio is inputted, it operates normally. 



[0262] With the equipment of the 21st invention, since the amount of delay of the 2nd adjustable delay circuit is set as one fourth of 
the 1 st adjustable delay circuits and SR flip-flop is transposed to the exclusive "or" circuit, the clock with which it doubled multiplying 
of the frequency is obtained from an exclusive "or" circuit at the time of ** into which the input clock whose duty ratio is 50% is 
inputted. 

[0263] In the clock feeder of the 22nd invention, since waveform-shaping equipment is equipped, the clock which has a fixed duty 
ratio regardless of an input clock is supplied to clock wiring. And since waveform-shaping equipment is inserted between the clock 
drivers which are in the loop formation of DLL equipment, phase compensation by DLL equipment also including delay by 
waveform-shaping equipment is performed. 

[0264] Thus, since the output clock which moreover has a fixed duty ratio regardless of an input clock is obtained without spoiling the 
phase compensation function by DLL equipment by using this clock feeder, the working speed of the object equipment which receives 
supply of a clock can be raised. 

[0265] In the equipment of the 23rd invention, as waveform-shaping equipment, since the 1st, the 4th, the 1 1th, the 15th, or the 
waveform-shaping equipment of the 17th invention is used, structure is easy and the output clock which moreover has a fixed duty 
ratio is obtained in a high precision. 

[0266] With the equipment of the 24th invention, a fixed delay circuit and the 1st selector function as 1st adjustable delay circuit by 
joining together mutually. Moreover, a fixed delay circuit and the 2nd selector function as 2nd adjustable delay circuit by joining 
together mutually. And the amount of delay of the 1st adjustable delay circuit is controlled by the 1st selection-signal generation 
section so that the phase contrast of an input clock and a feedback clock is solved. Furthermore, the amount of delay of the 2nd 
adjustable delay circuit is adjusted by the period-measurement section and the 2nd selection-signal generation section at the time 
amount of the one half of one period of an input clock. Therefore, from SR flip-flop, the clock which has 50% of duty ratio is 
outputted. 

[0267] Thus, since 50% of duty ratio is obtained regardless of an input clock while compensation of a phase is made by using this 
clock feeder, the working speed of the object equipment which receives supply of a clock can be raised. 

[0268] With the equipment of the 25 th invention, the 2nd fixed delay circuit and the 3rd selector join together, and it functions as 3rd 
adjustable delay circuit. And the amount of delay of the 3rd adjustable delay circuit is in agreement with one period of an input clock 
by work of the 4th selection-signal generation section. The value of the 4th control signal at this time has become settled in the 
selectable value about the amount of delay for one period of an input clock. 

[0269] Since relation with the signal train which the amount of delay of the 2nd fixed delay circuit is the same as that of the 1st fixed 
delay circuit, and is chosen with the selection signal of the 3rd selector is moreover set up like the 1st and 2nd selectors The 2nd 
control signal which adds the 3rd control signal equivalent to the one half of the value of the 4th selection signal to the 1st control 
signal, and is acquired chooses from the 1-st delay clock the clock by which the period of an input clock was delayed further 0.5 times 
as the 2nd delay clock. Therefore, the duty ratio of the clock which SR flip-flop outputs becomes settled to 50% regardless of an input 
clock. 

[0270] Thus, the period-measurement section has the structure similar to the 1 st fixed delay circuit, the 1 st and 2nd selectors, and the 
1 st selection-signal generation section, and can constitute it identically in a considerable part. That is, common-use-izing of design 
resources, such as a circuit pattern, is possible, and simplification of a production process and reduction of cost are brought about. 



[Translation done.] 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the block diagram of the waveform-shaping equipment of the gestalt 2 of operation. 

[Drawing 21 It is the block diagram of the clock feeder of the gestalt 1 of operation. 

[Drawing 31 It is the timing chart of the clock feeder of the gestalt 1 of operation. 

[Drawing 41 It is the riming chart of the waveform-shaping equipment of the gestalt 2 of operation. 

[Drawing 5] It is the block diagram of the adjustable delay circuit of the gestalt 2 of operation. 

[Drawing 6] It is the block diagram of other examples of the adjustable delay circuit of the gestalt 2 of operation. 

[Drawing 7] It is the block diagram of the waveform-shaping equipment of the gestalt 3 of operation. 

[Drawing 8] It is the block diagram of the 1 st adjustable delay circuit of the gestalt 3 of operation. 

[Drawing 9] It is the block diagram of the 2nd adjustable delay circuit of the gestalt 3 of operation. 

[Drawing 10 ] It is the block diagram of the other examples of the 1 st adjustable delay circuit of the gestalt 3 of operation. 

[Drawing 1 1 ] It is the block diagram of the other examples of the 2nd adjustable delay circuit of the gestalt 3 of operation. 

[Drawing 12] They are some block diagrams of the waveform-shaping equipment of the gestalt 4 of operation. 

[Drawing 13] It is the timing chart of the waveform-shaping equipment of the gestalt 4 of operation. 

[Drawing 14] It is the timing chart of the waveform-shaping equipment of the gestalt 4 of operation. 

[Drawing 15] It is the block diagram of SR flip-flop of the gestalt 5 of operation. 

[Drawing 16) It is the timing chart of the waveform-shaping equipment of the gestalt 5 of operation. 

[Drawing 171 It is the block diagram of SR flip-flop of the gestalt 6 of operation. 

Prawing 18] It is the block diagram of SR flip-flop of the gestalt 6 of operation. 

[Drawing 19] It is the block diagram of the waveform-shaping equipment of the gestalt 7 of operation. 

[Drawing 20] It is the timing chart of the waveform-shaping equipment of the gestalt 7 of operation. 

[Drawing 211 It is the block diagram of the waveform-shaping equipment of the gestalt 8 of operation. 

[Drawing 22] It is the block diagram of the 2nd adjustable delay circuit of the gestalt 8 of operation. 

[Drawing 231 It is the block diagram of the inverter of the gestalt 8 of operation. 

[Drawing 241 It » s tne timing chart of the waveform-shaping equipment of the gestalt 8 of operation. 

[Drawing 25] It is the block diagram of the waveform-shaping equipment of the gestalt 9 of operation. 

[Drawing 26] It is the timing chart of the waveform-shaping equipment of the gestalt 9 of operation. 

[Drawing 27] It is the block diagram of the waveform-shaping equipment of the gestalt 1 1 of operation. 

[Drawing 28] It is the timing chart of the waveform-shaping equipment of the gestalt 1 1 of operation. 

[Drawing 29] It is the block diagram of the integrator of the gestalt 1 1 of operation. 

[Drawing 301 It is the block diagram of other examples of the integrator of the gestalt 1 1 of operation. 

[Drawing 31] It is the block diagram of the example of further others of the integrator of the gestalt 1 1 of operation. 

[Drawing 32] It is the block diagram of the example of further others of the integrator of the gestalt 1 1 of operation. 

[Drawing 33] It is the block diagram of the waveform-shaping equipment of the gestalt 12 of operation. 

[Drawing 34] It is the block diagram of the digital filter of the gestalt 12 of operation. 

Prawing 35] It is the block diagram of the other examples of the digital filter of the gestalt 1 2 of operation. 

Prawing 36] It is the block diagram of the waveform-shaping equipment of the gestalt 13 of operation. 

Prawing 37] It is the block diagram of the waveform-shaping equipment of the gestalt 14 of operation. 

prawi ng 38] It is the block diagram of the waveform-shaping equipment of the gestalt 15 of operation. 

Prawing 39] It is the timing chart of the waveform-shaping equipment of the gestalt 1 5 of operation. 

Pra wing 40] It is the block diagram of the waveform-shaping equipment of the gestalt 16 of operation. 

[Dra wing 41] It is the timing chart of the waveform-shaping equipment of the gestalt 1 6 of operation. 

Prawing 421 It is the block diagram of the 1st control signal generation section of the gestalt 16 of operation. 

[Drawing 43] It is the block diagram of the period-measurement section of the gestalt 16 of operation. 

prawing 44] It is the block diagram of the 2nd control signal generation section of the gestalt 16 of operation. 

Prawing 45] It is the block diagram of fhe waveform-shaping equipment of the gestalt 17 of operation. 

prawing 46] It is the timing chart of the waveform-shaping equipment of the gestalt 17 of operation. 

Prawing 47] It is the block diagram of the conventional clock feeder. 

Prawing 48] It is the block diagram of the conventional phase comparator. 

Prawing 49] It is the timing chart of the conventional phase comparator. 

prawing 50] It is the condition transition Fig. of the conventional phase comparator. 

[Drawing 51] They are the conventional charge pump circuit and the block diagram of a loop filter. 

Prawing 52] It is the block diagram of the conventional current source. 

Prawing 53] It is the block diagram of the conventional current source. 

[Drawing 5 4] It is the block diagram of the conventional adjustable delay circuit. 

Pescription of Notations] 

1 DLL Equipment, 2 Waveform-Shaping Equipment, 3 Clock Driver, 4 Clock wiring, 5 Object equipment, FB Feedback clock, 1 1, 41, 
51 The 1st adjustable delay circuit, 12, 42, 52, 96,134,161 The 2nd adjustable delay circuit, 13 43 A control section, 14 SR flip-flop, 
1 5 Phase comparator, 1 6 A charge pump circuit, 1 7 20 A loop filter, 30 Adjustable delay circuit, 2131 The bias circuit section, 22 A 
unit delay circuit, 23, 26, 33, 35 NMOS transistor, 24, 27, 34, 36 25 A PMOS transistor, 46,121 Inverter, 32 A resistance element, 45 
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, 47?3 A selector, 55 D latch, 56,122,127 The 1st counter, 57,123,128 



An AD converter, Sin Control signal, 47T5 A selector, 55 D latch, 56,122,127 The 1st counter, 57,123,128 The 2nd counter, 60, 70, 
80,137,138 SR flip-flop, 90 A single shot pulse circuit, 97,139 OR circuits, 101 Integrator, 102 differential amplifier, 120,120aA 
digital filter, 125,126 AND circuit, 132 The offset generation section, 135,136 The 3rd adjustable delay circuit, 151 A delay circuit, 
152 A selector, the 153 1 st selection-signal generation section, 154 The 2nd selection-signal generation section, 158 A divider, 162 
exclusive "or" circuits, CL, IN Input clock, OUT An output clock, a Vin control signal, 502-51 1,513 Waveform-shaping equipment, 
501,512 Clock feeder. 

[Translation done.] 
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